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_ Better than gold 


HE old Greek adage, ‘ But the first thing is water, 

better than Olympian victory, better than gold,’ 
was quoted at a recent lecture by Dr. Franz Popel at 
the Institution of Civil Engineers in London. Dr. 
Popel is Professor of Engineering at Stuttgart Tech- 
nical University and he is the first German to present 
a paper to the I.C.E. since the war. 

He was talking about recent developments in the 
field of public health engineering in Germany and, to 
add weight to the adage, he told his audience that 
DM11,200 million had been invested in the building 
of a great number of new sewage disposal units. The 
main difficulty facing the country has been homogenis- 
ing the existing water laws. Each of the 1! States of 
the Federal Republic has its own laws with quite 
different regulations, but in March a ‘ water frame 
law ’ will come into operation which will at last make 
the legal regulation of water policy uniform. 

It has been found that consumption ‘and demand on 
water purity are both increasing, especially in the most 
densely populated regions of Germany, and this 
increase cannot be covered by ground-water run-off, 
so more surface water will have to be used than in the 
past. 

West Germany produces 21,080,000 cu.m./day of 
sewage, of which 28.5%, is discharged after sufficient 
treatment, 47°, after insufficient treatment and 24.5%, 
without any treatment, into the receiving waters. 

The Federal and State Governments, as well as the 
industries, stimulate education and research on water 
quality economy and its appropriate scientific discip- 
lines in order to be able to execute successfully and 
economically the enormous construction programme 
that is necessary if water pollution is to be checked. 

Some of the research carried out has involved work 
on the development of an aerated grit chamber which 
can retain fine grit without contamination of digestible 
organic matter. 

Also, work has been done on the minimising 
of turbulence, short circuiting and stagnant water 
in sedimentation tanks by the creation of eddies, 
localised at the inlet side of the tanks. Properly 
designed inlets are required for this, the Clifford inlet 
being one from which many other designs have been 
developed. 

Another recent advance has been the investigation 
into the oxygenation of water by compressed air in 
aeration tanks of different form and size, using various 
designs of diffuser for the distribution of compressed 
air in the water, and also arranging the diffusers at 
different points in the aeration tanks. 

Various experiments are also being carried out to 
investigate the oxygen consumption and decomposition 
capacity of aerobic bacteria with relation to the 
biological breakdown of organic matter in sewage. 
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How thick a coating? 





HE Drewitt thickness gauge produced by the 

Electrical Inspection Directorate of the Ministry 
of Aviation is a portable instrument providing a 
virtually non-destructive method of determining by 
direct measurement the local thickness of a coating 
applied to a harder base material. The method was 
devised for testing the thickness of sprayed metal 
coatings of aluminium or zinc applied to steel or 
high-strength aluminium alloy, but it can be used on 
Alclad coatings and also on coatings such as paint, 
plastic and rubber applied to either soft or hard 
metallic bases. 

The instrument consists of a small constant-speed 
electric motor in which the rotor is allowed some end 
float. One end of the rotor spindle carries a small 
penetrating tool and the other end is in contact with 
a spring-loaded dial gauge; thus any displacement of 
the penetrating tool is shown on the dial gauge. The 
penetrating tool is a small dental burr which is stan- 
dardised so that it is capable of penetrating the coating 
metal but is not capable of penetrating the base 
material under the constant speed and pressure 
conditions obtaining during a test. 

In use the instrument is placed on the surface to be 
tested, the dental burr is lowered and the dial gauge 
then set to zero. A drop of 10%, soluble oil is applied 
to the tool and the motor switched on. The progress 
of the tool is followed on the dial gauge, the speed of 
penetration being substantially constant until the tip 
of the tool pierces the coating and contacts the base 
metal; there is then no further progress of the tool, 
which is shown by the dial gauge reading remaining 
stationary thus giving a definite end point to the 
thickness of the coating. For checking the thickness 
of non-conducting coatings on a softer base metal, the 
instrument incorporates a warning lamp which lights 
to indicate when the tip of the tool touches the base 
metal. 


Fluid-bed gasification performance 


CONSIDERABLE amount of data has been 

gathered from a semi-commercial-scale gasifier at 

the laboratories of Hydrocarbon Research Inc., 

U.S.A. Some of the work was reported by A. M. 

Squires in a paper read before the Institution of 
Chemical Engineers on February 2. 

The gasifier employed was a unit of 26.5 in. internal 
diameter and was operated at a bed depth of 25 ft. 
Anthracite fines were gasified with steam and oxygen 
at pressures between 170 and 245 p.s.i. and tem- 
peratures between 1,430° and 1,676°F. As much as 
650,000 cu.ft./day of hydrogen, carbon monoxide and 
methane was produced. 

It was found that fluid-bed hydrodynamics have an 
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important effect upon steam-carbon reaction kinetics. 
Top-to-bottom circulation of solids in the gasification 
fluid-bed leads to periodic reactivation of carbon 
near the bottom of the bed, where steam partial 
pressure is high and hydrogen partial pressure is low. 
High carbon activity prevails throughout the fluidised 
gasification bed, but in a fixed-bed gasifier, operating 
above about 1,600°F., there is a gradient in carbon 
activity with high activity near the steam inlet and low 
activity at the gas outlet. 

Mr. Squires states that the productive capacity of 
a fluid-bed gasifier depends primarily on the rate of 
the reaction C + H,O = CO + H, and secondarily on 
the rate of the reaction C + 2H, = CH,. The second 
of these two reactions is important with respect to the 
light it sheds upon free energy of carbon undergoing 
gasification. It is found that this reaction proceeds so 
rapidly in fluid-bed gasification that methane and 
hydrogen in the gasifier effluent appear to stand 
substantially in thermodynamic equilibrium with 
carbon in the bed. 

With regard to the first equation an empirical 
correlation can be given for integral rates of the 
steam-carbon reaction in the fluid bed. The correlation 
is applicable to anthracite and chars of bituminous 
coals. 

From the data gathered during the tests and work 
done by other researchers it is possible to estimate the 
projected commercial performance of a pressurised 
fluid-bed gasifier operating on anthracites and chars 
or cokes. Even so, a completely satisfactory description 
of the mechanism of fluid-bed gasification calls for 
a much more detailed study of solid and gas flow 
patterns than has so far been reported and more 
information concerning the rate of deactivation of 
carbon in various steam-hydrogen atmospheres and 
the rate of reactivation by steam. 


Giving cement dust ‘socks’ 


AVINGS of substantially more than £1,000 a year 

on the cost of operating dust-collection units are 
being made at a cement works as a result of the 
introduction of nylon. It has been found that bags or 
stockings made from a mixture of wool-and-nylon 
last upwards of four times as long as conventional 
all-wool stockings, although the initial cost is no 
greater. 

The Chinnor Cement & Lime Co. Ltd., which has 
recently completed a {1-million modernisation and 
extension scheme, almost doubling the output, has 
several dust collection units installed at strategic 
points around the factory. Two of them are in the 
grinding plant where clinker from the rotary kilns is 
ground together with gypsum in large tube mills. 
While the bulk of the cement powder thus formed is 
pumped direct to storage silos, a small proportion is 
carried on the stream of hot air and is trapped by the 
dust-collection units. One unit consists of six sections 
and the other of five. In each section there are 14 
stockings, 8 in. in diameter and 7 ft. 8 in. long. 

Operating conditions are severe. The temperature 
in the cabinets is around 250°F. and the atmosphere is 
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steamy as a result of moisture being driven off from 
the gypsum. The stockings in each section are shaken 
vigorously at intervals of about 4 min. Since the 
grinding mills operate 24 hr. a day, seven days a week, 
the stockings are in constant use and under these con- 
ditions the average life of an all-wool stocking is about 
three months. Stockings made from a mixture of 
25% nylon and 75°, wool last about a year; some keep 
going for 18 months. The initial cost of a wool-and- 
nylon seamed stocking is rather less than the cost of 
a circular woven all-wool stocking. Annual expen- 
diture on stockings is thus cut by at least 80%. Wool- 
and-nylon stockings are now also being fitted in dust- 
collection units in the bagging plant and bulk loading 
plant. Conditions here are less severe and an even 
longer life is expected. 


Upgrading poor ores 


NEW process has been developed at the Stripa 

mine in Sweden to meet the increasing demand 
for cheap and accurate methods of upgrading poor- 
quality ores. Dense-medium or sink and float pro- 
cesses have gained considerable favour during recent 
years for this purpose, but sometimes these processes 
are relatively expensive and involve complex circuits 
for reclamation of medium solids. 

The Stripa process is substantially a dense-medium 
process, but it is able to utilise comparatively coarse- 
medium solids which are cheap to prepare and simple 
to reclaim. In addition the process often utilises part 
of the ore under treatment as medium solids, and the 
purchase and reclamation of expensive materials such 
as ferro-silicon and galena can be avoided. 

The plant equipment for this process is as follows. 
The Stripa trough is a shallow, reciprocating, rect- 
angular box supported on flexible rods. Solids of 
suitable density and particle size are fed from the 
cone or cyclone thickener into the trough and form 
a bed of medium. The ore is fed a short distance from 
the medium feed point and conditions are produced 
permitting quick and accurate separation of sink and 
float fractions which are discharged separately at the 
end of the trough. An adjustable splitter plate directs 
the products to washing screens and conveyors for 
removal of adhering medium and collection of products. 

Overflow water from the medium thickeners is used 
for spraying and the medium solids collected in the 
sump are returned to the thickener by pump. 

A bed of sand-sized particles lubricated by water is 
used as the separating medium, making it possible to 
obtain a separation at a density higher than is possible 
when the same solid component is used in a medium 
but at a finer size. The medium solids are coarse and 
therefore relatively cheap to prepare; they settle 
rapidly and their recovery is simple and losses are small. 

This process is suitable for the treatment of materials 
which up to now have been unable to bear the cost of 
elaborate processes, such as low-grade ores, minerals 
of sub-economic value, refuse products, etc. The 
success of this process at the Stripa mine has led to 
its adoption at other mines in Sweden and several 
plants have now been installed for iron ore treatment. 
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Metamorphosis of the G.C.R; 


NUMBER of interesting engineering develop- 

ments are being pursued at the present time in 
adapting the graphite-moderated gas-cooled reactor for 
different applications and developing the design to 
enable higher working temperatures to be achieved. 
G.E.C. have designed a reactor of 150-Mw. electrical 
output for Japan, the design of which had to meet 
the special engineering problems of safety in the event 
of an earthquake. A new type of graphite structure 
was employed using hexagonal graphite blocks with 
a triangular lattice for the disposition of the fuel 
channels in the reactor core. This design has been 
specially developed to allow for dimensional changes 
in the graphite under irradiation. 

Severe temperature limitations are imposed on any 
reactor design in which solid bars of uranium metal 
are employed as the fuel. Some advantage can be 
gained, however, by using hollow tubular fuel rods 
and this is one of the new features that is being intro- 
duced into some of the latest designs. The next stage 
in the direction of higher working temperatures is to 
use uranium oxide as the fuel. In the case of the 
graphite-moderated reactor this will call for enrichment 
of the fuel. 

In the prototype advanced gas-cooled reactor 
designed by the Development and Engineering Group 
of the U.K.A.E.A. uranium oxide fuel is employed 
and beryllium metal will be used for the fuel element 
cans. A double-shell construction is used so that the 
main pressure Circuit is maintained at the temperature 
of the cooled gas returning from the heat exchanger. 
The fuel element is in the form of a cluster of small- 
diameter UO, rods clad with beryllium and mounted 
in a graphite sleeve. 

Other designs favour the use of stainless steel as the 
canning material. While beryllium has the advantage 
of better neutron economy it is not particularly good 
in regard to compatibility with uranium or its oxide 
at high temperatures. Stainless steel is more suitable 
under these circumstances. A marine propulsion unit 
designed by G.E.C. uses uranium oxide fuel with 
stainless-steel cladding, and the individual sections 
are mounted in graphite sleeves. 

There is sure to be further development of the 
gas-cooled reactor along these lines and possibly the 
range of nuclear power may be extended to be 
economically competitive both for the large base-load 
stations and also for smaller units in the range from 
100 down to 30 Mw. output. 


The belt filter—a new concept 


INCE the development of continuous filtration the 

conventional continuous vacuum drum filter has 
been foremost in the number of its applications as 
compared with other types, primarily because of its 
ability to handle difficult filtering slurries. Even so, 
greater efficiency in the present methods of continuous 
filtration is necessary to reduce operating time, main- 
tenance and labour costs, improve cake dewatering 
and washing results, and increase productivity capacity. 
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There are still several disadvantages that are inherent 
in the continuous drum filter technique. A common 
difficulty is progressive blinding of the filter medium 
which can be caused by plugging of the interstices of 
the medium by suspended solids in the feed, chemical 
precipitation within the medium, and the sealing-off of 
the surface of the filter medium by the shape charac- 
teristics of the feed solids. Poor cake discharge is 
another factor which will reduce filter capacity and 
also accelerate blinding. If air-pressure blow-back is 
used for cake discharge, filtrate remaining in the 
drainage wash can blow back into the cake. 

Cornell and Dahlstrom of Eimco point out in 
Chemical Engineering Progress (1959, 55 (12), 68) that 
all these factors can be measured in economic loss or 
cost increase and they must be prevented. With this 
in mind the EimcoBelt filter has been developed to 
incorporate the desired features. 

In this filter the periphery of each drum section 
contains a soft synthetic strip which is slightly raised 
above the drum surface. The filter medium lies over 
these strips, sealing the vacuum side from the atmo- 
sphere. The filter medium is an endless belt which 
travels off the drum to a discharge roll. The belt then 
travels down to a wash roller in a trough which collects 
the medium wash water, which is applied through 
high-pressure sprays to both sides of the cloth. From 
here the belt passes to a return roller and then back 
on to the drum. 

The disadvantages mentioned have all been resolved 
in this design. Washing the belt on both sides with 
a high-pressure spray dislodges solids within and on 
the medium, thus preventing blinding. Easy discharge 
of the cake is possible because the filter medium passes 
over a small-diam. roller changing the radius of 
curvature of the cake abruptly. Also there is no 
possible way for the filtrate to travel back to the filter 
cake. Finally maintenance is simplified by making the 
belt endless by a zipper arrangement, so that a new 
cloth may be zipped to the old when replacement is 
necessary. 

It is reported that excellent results have been 
obtained and this type of filter has been installed in 
several large plants. 


Process control and cybernetics 


NTERESTING views on a somewhat esoteric, but 

nevertheless important, subject are put forward in 
our contemporary, Automation Progress. 

One of the limitations of multiple-loop automatic 
process control is the non-linear and often unpredict- 
able process lag which is either inherent in the plant 
or introduced by changes. in external conditions. 
Mathematical control theory is doing its utmost to 
force the stubborn facts into some sort of theoretical 
framework with the ultimate object of programming 
them into a computer which will control the process. 
But if the plant is now controlled by man who had to 
learn the job, a suitable learning machine could run 
the plant even better. This, of course, takes us into 
the realm of cybernetics, the science of control systems 
in man and machine. 








But there are fallacies in both these approaches, even 
assuming that a learning machine as capable as an 
operator’s brain were already available. The operator 
did not learn entirely by trial and error; presumably 
he was taught by someone else to avoid the more 
serious mistakes. This may, on the other hand, also 
prevent him from discovering some improved tech- 
niques. The purely mathematical approach on the 
other hand, is rarely feasible, even where the theo- 
retical basis exists. For it always implies that all 
relevant parameters of the plant are already known 
and, even then, some very complex equations may have 
to be set up. 

It would seem more promising, says Automation 
Progress, to combine the computer with the learning 
machine and also with suitably sensitive analysis 
equipment or other instrumentation. The result of 
a very small random variation in the whole plant or 
in one loop would then be sensed in the form of one or 
more minute trends without upsetting the operation 
of the plant as a whole; the computer would be used 
to extrapolate the trend and to simulate its effect on 
the end product; continually supplied with the results 
of these computations, the learning machine could 
draw the necessary inferences from many small 
parameter variations without upsetting the plant as 
a whole. These inferences, in the form of process 
equations, would in turn be fed into the computer as 
rules for the control of the plant and could be amended 
continually, in line with all new experience processed 
by the learning machine. 

Thus, the computer has a two-fold function: as an 
extrapolator, which reduces the time and interference 
in the process required for collecting information; 
and as a relatively adaptable control system. It is 
such a symbiosis of techniques that is needed where 
ordinary control systems are frustrated by unknown 
plant conditions and it should even be possible to 
combine both functions within a single large digital 
machine, and meanwhile we still have to make do with 
the p.b. plant engineer! 


Protection of inventions in Russia 


HE 1960s will undoubtedly be a decade of increas- 
ing trade with Russia. Mr. S. P. Chambers, 
chairman-designate of I.C.I., recently spoke of a 
‘new era’ in trade with the Iron Curtain countries 
and forecast that much of the business we may lose in 
traditional markets may be gained in Russia and her 
satellites. It is not just a question of selling products. 
Russia wants ‘know how ’—complete plants and 
processes. The latest example of this is the £8-million 
order that Vickers & Bookers Ltd. have received for 
the supply of two complete sugar-beet factories. One 
is for the Moscow region and the other for the Ukraine. 
Each will have a daily capacity of 5,000 tons of sugar 
beet and will incorporate the latest ideas in process 
control. 
The emphasis on ‘ know how’ in the new pattern 
of Anglo-Russian trade raises the problem of patenting 
inventions in the Soviet Union. 
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To find out just what chance a British firm has of 
protecting its inventions in Russia, Mr. Gordon Grant, 
Comptroller-General of Patents, and two colleagues 
recently visited Moscow to talk to their Russian 
counterparts. The Russian equivalent of the Patent 
Office proved to be the Committee on Inventions and 
Discoveries under the Council of Ministers of the 
U.S.S.R. The people who deal with the commercial 
aspects of patents are the All-Union Chamber of 
Commerce. 

An inventor, Russian or foreign, has by Soviet law 
the option to seek either a patent, which gives him a 
monopoly in his invention which no one may then 
use without his permission, or an ‘ author’s certificate.’ 
In the latter case he assigns his invention to the State, 
which pays him according to the amount of use made 
of his invention and the resultant saving to the 
economy. Since the latter system involves the in- 
ventor in less expense and fits into an economic system 
in which all the means of production are controlled 
by the State, Soviet inventors invariably seek authors’ 
certificates rather than patents. Foreign owners of 
inventions, on the other hand, tend to seek patents. 

The new Soviet law of April 1959, so far as it concerns 
patents does not differ in its essentials from the laws 
of the other countries of the world. There is, of 
course, in the absence of contractual obligations, 
nothing to stop the copying of foreign inventions 
in the Soviet Union unless they are patented there. 
But the Soviet law, like those of other countries, 
provides the means whereby, if the necessary steps 
are taken, inventions can be protected. Before a patent 
is granted the invention must be described in a 
specification and a search is made through Soviet 
and foreign patents and technical literature to make 
‘sure that the invention is new. It must also have 
actual or potential ‘ industrial utility,’ 7.e. it must be 
in a field which, in the opinion of the competent 
Soviet technical organisation, is one in which there is 
or is likely to be activity. This latter test finds no 
place in the U.K. system, which demands instead 
that the invention be not ‘ obvious.’ If the invention 
passes these tests a patent is granted and, provided 
renewal fees are paid each year, the patent lasts for 
15 years from the date of application. 

If a Soviet factory wishes to use an invention the 
Soviet patent for which is owned by a foreigner, the 
latter is notified by the Chamber of Commerce. The 
actual contract is negotiated by the Soviet Ministry 
of Foreign Trade and one of the import-export 
corporations. 

Little use has so far been made, by United Kingdom 
owners of inventions, of the Soviet patent system and 
there is therefore little practical experience. The 
language problem and the widely differing concepts 
of the rights to be enjoyed by the individual as against 
officials will no doubt lead to some problems. But it 
seems clear that, at the worst, the owners of worth- 
while inventions who contemplate trading with 
Russians can only lose the fees they pay and, from the 
assurance given to the delegation, may well have a 
good deal to gain. 
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The Design of a 


Packed Batch Distillation Column 


By F. Molyneux, pn.p., B.sc.(Lond.), B.Sc.(Eng.), A.M.I.Mech.E., A.M.I.Chem.E. 
(Senior Lecturer in Chemical Engineering, Birkenhead College of Technology) 


NE of thé most fundamental aspects of chemical 
iS Veen plant design is concerned with the con- 
sideration of the differential mass transfer which takes 
place in packed distillation and absorption towers. 

In distillation in particular this differential mass transfer 
which occurs in the packed column is frequently associated 
with batch distillation which is often carried out industrially, 
either on a plant or semi-technical scale in packed columns. 

Whatever are the comparative advantages and dis- 
advantages of a batch distillation unit, a large percentage 
of industrial separations are made in batch distillation 
columns. The reason is that batch operation is very 
suitable when small quantities of material are to be handled 
with large variations of composition in the still charge, or 
where occasional small amounts of pure products are 
required from feeds of varying composition. 

One of the difficulties in the operation of batch distillation 
is the effect of the presence in the column of a large amount 
of liquid holdup which!: *; * has an adverse effect on the 
sharpness of separation obtainable. When this holdup is 
appreciable, the separation is said to be ‘ sloppy,’ and theo- 
retical methods of design calculation are correspondingly 
difficult. 

This is disputed by Rose et al.,1 who contend that the 
presence of holdup in a batch distillation column actually 
brings about an improvement in the separation predicted 
by the McCabe-Thiele construction. This is largely due 
to the method of operation proposed by Rose, which is 
contrary to the methods usually adopted in industry. 

The question of liquid holdup is, however, largely 
eliminated if packing is substituted for the more usual 
bubble plates used in the rectification column. 

Batch distillation is, therefore, mostly carried out in 
these packed columns which are easiest to construct and 
least expensive, although there is some resultant com- 
plication in the theoretical analysis of this column. Pratt,' 
in a series of articles, summarises the advantages and 
disadvantages of packed columns. 


Advantages of packed distillation columns 

(1) Lower first cost compared with plate columns in 
diameters up to about 3 ft., and perhaps more in the case 
of vacuum columns. 

(2) Large saving in first cost and maintenance costs 
when handling corrosive materials. 

(3) Lower pressure drop when working under vacuum 
or with heat-sensitive materials. 

(4) Probable high efficiency under pressure. 


Limitations of packed columns 


(1) Lower flexibility owing to rapid reduction in efficiency 
with throughput. 

(2) Very low reflux ratios cannot be used. 

(3) Closer attention required in operation and more 
difficult to apply complete automatic control. 

(4) Redistribution and wall effect: either wall dis- 


tributors must be used or column must be constructed in 
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Equilibrium Diagram (from Fig. 1). Equilibrium 
Data, Phenol/Water, at 260 mm. Hg Pressure 
Absolute (Kirschbaum).'” 











x mol °%, in liquid y mol %, in vapour 
7.58 | 78.4 
21.4 | 93.0 
27.8 | 96.4 
30.5 96.5 
56.0 | 98.0 
67.5 | 98.2 
77.5 | 98.3 
96.2 98.35 
97.3 98.6 
98.7 | 98.9 

99.3 |  99,3->Azeotrope 











sections of packed height not exceeding 10 ft. 

In some of the older industries the use of packed batch 
distillation columns has become largely traditional and, 
since this type of distillation has a certain inherent flexi- 
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bility, a standard type of unit has evolved of a convenient 


size. If the time cycle in operation proves too long, a 
multiplicity of these units can be used and they are in 
practice generally installed in batteries of either two or three. 

The process design of these units is largely governed by 
experience, but the following article is an attempt to 
correlate the dimensions and performance of such a 
traditional column with a theoretical design analysis, using 
established mass transfer correlations. 

The difficulty in the industrial operation of a batch 
distillation process to obtain complete separation of a binary 
mixture arises from the fact that, as soon as any product 
leaves the system, the composition of the charge in the 
still changes. Thus for a fixed reflux ratio the product 
composition changes continuously, becoming weaker in 
the more volatile components throughout the course of 
the distillation. This may be overcome by operating the 
still with a continuously increasing reflux ratio, to give 
a constant product composition, until the charge and 
product composition correspond to virtually total reflux. 

Towards the end of this operation the still is operated at 
intervals at total reflux, so as to concentrate a product 
with an intermediate strength of the binary mixture in the 
top of the column. This small volume is then discharged 
rapidly to the intermediate tank or receiver, leaving finally 
a pure, less-volatile component in the still. 


Design problem 


The still charge to a batch distillation column comprised 
10,000 gal., comprising 70°, w/w phenol and 30% w/w 
water. The calculated production cycle is water to be 
removed as 94°, w/w in 36 hr. and 30 tons of phenol to 
be removed in 8 hr. In the later stages of the water 
separation, intermediate of 50 to 60% w/w phenol plus 
water is removed for a period of 2 to 4 hr. The still is 
operated at a vacuum of 260 mm. Hg pressure absolute 
produced by reciprocating vacuum pumps. 


Steps in the calculation of tower diameter and 
packed height 

(1) Plot the equilibrium diagram on xy co-ordinates for 
phenol water at 260 mm. Hg pressure. 

(2) Draw on equilibrium diagram total reflux line and 
minimum reflux line. 

(3) Draw the initial operating line at reflux ratio R 
= 2 Rm. Rm = minimum reflux ratio. 

(4) Using a McCabe-Thiele type construction, step off 
the number of theoretical plates to give the required 
product from the composition of the still charge. 

(5) Draw in random reflux lines with this number of 
plates down to a final still composition at x = 0.01 mol 
fraction water. 

1 


(6) Plot [: - a (Xp - Xw)?| against Xw. 


Integrate this quantity graphically to determine the vapour 
rate by the use of the Bogart equation for a time of 32 hr. 

(7) The flooding velocity is calculated at the top of the 
column with initial reflux conditions with a packing of 
2 in. x 2 in. x } in. Raschig rings with an interfacial 
area/cubic feet = a, = 28 sq.ft./cu.ft. and a voidage 
¢ = 0.74. Using an operating velocity of 50°, of this and 
the vapour rate calculated in (6), the diameter of the 
column can be determined. 

(8) Determine the number of transfer units required for 





initial conditions by plotting y against and integrate 





this graphically l= 5 = NTU. 


(9) Determine the height of a transfer unit for this 
distillation where 











V Height of transfer unit 
HTU, = hie ae Ban on gas phase basis 
1 Be I 1 
Koc ky | Hk ® 
Xp = Mol fraction more volatile component in 
distillate 
Xw = Mol fraction more volatile component in 
residue 
H = Henry law—solubility constant 
Sherwood-Gilliland correlation® 
"aa oas( Be (Z\¢ eS 
pve d: /\ pam ue eDe 
Sherwood-Holloway correlation® 
- si 80D, L }t) 
e Ay \Au eDr 
k = Film mass transfer coefficients, lb.mol/hr.sq.ft.°F. 
unit concentration difference 
Ko«g = Overall mass transfer coefficient on gas phase basis 
A, = Interfacial surface area of packing, sq.ft./cu.ft. 
A = Empty tower cross-section 
ppm = Mean partial pressure non-diffusing component 
atmosphere 
u = Viscosity in ft./hr. units 
Dr, = Liquid diffusivity coefficient, sq.ft./hr. 
Deg. = Gaseous diffusivity coefficient, sq.ft./hr. 
e = Density, lb./cu.ft. 
L = Liquid rate, Ib./hr. 
V = Vapour rate, Ib./hr. 
d; = Wetted wall column diameter 
P = Total pressure atmosphere 


Calculation methods 
Using Bogart equation® 


Xw 
dx 
%® = WX - Xe) | amare KP 
Xs 


(M. J. P. Bogart, Trans. Am. Inst. Chem. Eng., 1937, 33, 139) 


Where 6; = Time of batch cycle in hours 

W = Initial batch charge in still in mols 

Xp = Fixed distillate composition in mol fraction 
Xw = Initial still composition in mol fraction 
Xs = Final still composition in mol fraction 

X = Still composition varying during cycle 

L_ = Liquid downflow in mol/hr. 

V = Vapour flow, mol/hr. 


Integrating graphically determine the area under plot of 
1 

(1 - L/V) (Xp - XP 

Area 


against X 


= 4.016 
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Batch Still Time Plot 














ag} @);@!| @ | ®& | 
Xo | Xw | LIV 1—L/V | (Xp—Xw)? | (4) x (5)|  — 
| | -@ i ® 
| (6) | 
ss De | a | —_ —— 
0.985 | 0.700 | 0.019| 0.981 | 0.081 | 0.0786 | 12.8 
| 0.610 | 0.041 | 0.959 | 0.14 | 0.134 | 7.5 
| 0.39 | 0.075) 0.925 | 0.355 0.328 | 3.05 
| 0.28 | 0.12 | 0.88 049 | 043 | 2.33 
| 0.210 | 0.164 | 0.836 | 0.595 0.496 | 2.02 
| 0.08 | 0.576 | 0.424 0.81 0.343 | 2.92 
| 0.610 | 0.73 | 0.27 0.855 0.231 | 4.32 
0.035 | 0.94 | 0.06 0.9 0.054 | 18.5 
| 0.010 | 0.969 | 0.031 0.945 | 0.029 | 34.5 








Still charge of 10,000 gal. = 


One x 30 1,660 Ib.mol 

100 5c 18 J -mols water 
100,000 « 70 

a 750 lb.mols phenol 


2,410 lb.mols total 








Solution 

2,410 = 0.285 x 4.016 
a mes 
V = 86 lb.mols/hr. 
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Flooding data calculation 


. initial — 0.019 
ik ws — 

tas ft = = 1 Oe fa 

a Ja x 26.8 

1 

, = 60 Ib./cu.ft. — Ib./cu.ft. 
PL cu Pg 68 Ib./cu.ft 
94 
ig * 0.019 x 0.025 — 0.0025 


Then from Lobo flooding graph, Fig. 2 (J. Perry, 
“Chemical Engineers’ Handbook,’ 4th edition): 


0,2 


V2 ayfe : 
(Gz) 
&= \er LW 


L 

7 final — 0.969 

Lfeg 

— /-£ — 0,132 

V J OL 

. 0,2 
(“) — 0.08 
LW 





y /* 8 x 32.2 x (0.74% x 60 
2x _! x 1.34 
26.8 
\/44.4 
V 6.6 ft./sec. at 50°, flooding 
V 33 ft./sec. 
L Liquid rate 1b./hr. 
V vapour rate Ib./hr. 
g°L Density vapour +- liquid in lb./cu.ft. 
Voidage of packing 
Viscosity of liquid and water in ft.lb.hr. units 


ow 
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Fig. 2. Flooding graph for random packed columns. 
ay = Superficial area of packing/unit volume, sq.ft./ 
cu.ft. 
g = Acceleration, ft./hr.? 
86 x 359 393 760 


eee “ae ae 
39.5 cu.ft./sec. 


° 


Then ~< ‘is = 


39.5 x 4 
. m 3Sxa 


Then diameter of tower = 4 ft. diameter, say for 50°% 
flooding. 


3.8 ft. 


Film and overall coefficients 

The only satisfactory correlation for the determination 
of the gas film transfer coefficient is that due to Sherwood 
and Gilliland. This has been amply verified by experi- 
mental work on wetted wall columns and for this appli- 
cation the film transfer coefficient ky is expressed by the 


following equation: 
0,83 0.44 


dt Vo De ( FP )( ee ) 
» « neta a4” ile | ES AO 
” ( U ) (35) Pam/ \ eDe 


Where d; Tower diameter in feet 
V Gas velocity in ft./hr. based on empty 
tower cross-section 
e = Gas density in Ib./cu.ft. 


ug = Gas viscosity in ft./hr. units 

De Gas diffusivity in sq.ft./hr. 

P = Total pressure 

PBM Log mean pressure of now diffusing 
component 


The interfacial surface area/unit volume = d;/4 and 
this is the characteristic normally given for packing ay. 
The correlation above only applies when the film is com- 
plete, i.e. for fully wetted conditions. In a packed distil- 








‘6 








lation column this condition is never realised and a wetting 
factor of 50°/, can generally be assumed. 
d t av 


Thus | ae or 


Also the velocity of gas through the packing = z= 
€ 
For the present case considering 2 in. x 2 in. x 
Raschig rings, a, = 28 ft. and « = voidage — 
Then d; = 2 x 28 = 56 ft. 
The empty tower velocity = 3} ft./sec. = V. 


dt = 2ay. 


} in. 
= 0.74. 


Velocity through packing = at 


The gaseous diffusivity coefficient can be calculated from 
the Gilliland equation :* 


= 4.7 ft./sec. 


T32 


/ 1 1 
PV 2 + Vz 8p Ma + Mp 


De = 0.0166 




















T = Absolute temperature in °K. 
VaVe = Mol volumes 
Ma Mpg = Molecular weights 
- = Total pressure in atmosphere 
‘ 0.0166 x (393)/2 I i 
~ 0341089 4 1919 %)%/ Ig * 94 
= 1.8 sq.ft./hr. 
d:Ve\"" = 56 x «4.7 x 3,600\"™ 
2 es 0,83 
( ul ) ‘= x 0.25 x 26.8 ase) 
= $8,913 
( "YA eectde = x 0.25 x 26.8\°* a 
eDe MA: 1x 18 Fits 
kg = 0.023 x 8,913 » en oat 2.63 


—_ XK ——— xX 
56 0.94 


kg = 6.3 lb.mols/sq.ft.hr. (unit concentration difference). 
The most satisfactory correlation for the liquid film 
coefficient is that due to Sherwood and Holloway: 








A & 80 x 3 ae B 0.5 

8 i eDi 

Di, = Liquid diffusivity coefficient, sq.ft./hr. 

ay» = Completely wetted surface area/unit volume 

Dri = 5.8 x 10-* sq.ft./hr. 

p, — 90x 58 x 10-* 605 x 4 = 
eB xXO5 © \rx 16x 242x 11 


0.50 





1.1 x 242 _ 
60 x 58 x 10° 


The conditions for which these mass transfer coefficients 
are those most suitable in the tower are in this case the 
conditions of reflux giving a liquid vapour ratio of 


= 
V 
Since V = 86 lb.mols/hr. from previous calculation 


= 0.075. 


Then L = 86 x 0.075 « 94 = 605 lb./hr. 
x 58 x 5 
ay = tH had x 9.441 28.5 
14 
= 0.089 Ib.mols/sq.ft.-hr. (unit concentration 
difference). 

- See ee 

Koc ky = mVky 
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Fig. 3. Schematic instrumentation diagram for batch still 
and for phenol water separation. 


mV 0014 1 


L 04 0.075 


where m = slope of equilibrium line corresponding to 
value of L/V slope of reflux line. 


ci -. ¥§ 


= 0.475 





‘tesa ek > eer we QO 1 20M 
Koc 63 | 0.0423 
= 23.78 
Kog = 0.042 
86 x 4 
HTU0e = 95-28 x x x 16 x 0.042 


= 7.45 ft. 


Calculation of number of transfer units 
The determination of the number of transfer units is 
given by the graphical integration of 
- 2 
'=%2 
From the graphical integration (see graphical plot) the 
number of transfer units = 3.55. 


The height of column packing = 3.55 » 
== 26) ft. 


7.45 = 26 ft. 6 in. 


Heat requirements for still 
Since the reflux ratio (R) is variable throughout the 
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Values for Graphical Plot 











| | ! 
y 7 xs | 
ae 

| 

0.945 | 0.97 0.025 | 40.0 
0.95 0.974 0.024 | 41.7 
0.957 0.977 | 0.02 50.0 
0.963 | 0.979 | 0.016 62.8 
0.968 | 0.981 | 0.013 77.0 
0.975 | 0,985 0.01 100.0 
0.98 | 0.988 0.008 125.0 
0.985 | 0,991 0.006 167.0 











distillation the theoretical heat required (Q) in the still 
must be expressed as an integral: 


D 
o=r2f R+ 0a 
ne) 


where A = Mol latent heat of vaporisation in B.Th.U. 
R = Reflux ratio. 

This is best integrated graphically. 

For any value of R the still composition Xyw may be 
determined from the previous equilibrium diagram. This 
value may then be inserted into the equation for the 
distillation with variable reflux and constant product 
composition. 

W (Xw, Pe -X we) 

Xp ea Xwe 

These values of D can then be plotted against the 
corresponding values of R + 1 and the area determined to 
give the value of the integral. 


D 




















Ww | Xwi—Xw: | Xo—Xws | p | R+1 
2410 | 0.09 | 0375. | 580 1.03 
| 0.31 | 0.595 | 1,251 | 1.04 

| 0.42 0.705 1,450 1.14 

| 0.49 | 0.775 | 41,530 1.2 

| 0.62 | 0.905 | 1,650 2.36 

| 0.639 | 0.925 | 1,670 3.7 

| 0.665 0.95 | 1,690 16.6 

| 0.69 | 0.975 | 1,700 | 323 

For D = 0 R+1 = 1.02 


Graphical integration of the above gives 15,300 lb.mols. 
Heat requirement 18,000 = 15,300 
18,000 x 15,300 
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= 7,750,000 B.Th.U./hr. 
Approximate requirements = 8,000 lb. steam/hr. 





Comparison of theoretical with actual design 


As previously stressed, the use of batch distillation 
columns of this type is largely traditional and the basic 
design is usually that following previous experience. 

In the present case a standard unit was provided for the 
duty stipulated and it is interesting to compare the basic 
dimensions of this with that arrived at by the previous 
theoretical analysis based on established mass transfer 
correlations. 

The traditional column had a diameter of 3 ft. and the 
packed height consisted of two sections, each 12 ft. 6 in. 
high, the packing consisting of 2 in. x 2 in. = } in. 
mild-steel Raschig rings. 

The performance of this column was very close to the 
duty requirements and it reveals the close approximation 
arrived at by this theoretical method of analysis to the 
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traditional experimentally derived design. This can be 
considered on this basis to be capable of providing a 
conservative design which is normally considered a good 
feature of any such analysis. 

The mild-steel packing suffered from severe corrosion 
and as a result had to be replaced with 2 in. x 2in. x }in. 
ceramic Raschig rings with a slight lengthening of cycle 
time. 

The heating requirements on test were 10,000 Ib. of 
100 p.s.i.g. steam/hr. and this figure is extremely close to 
the theoretical, providing due allowance is made for the 
usual heat losses. 


Materials of construction 

The traditional batch still is an inexpensive unit con- 
structed from mild steel. In the present case the presence 
of water and phenol in these conditions gives a very severe 
corrosion rate on this material, and consequently with 
these units in the U.S.A. the still is either glass or vitreous 
enamel lined, or is fabricated in stainless steel. 

In the present case, to limit expenditure it was decided 
to spray-coat the whole of the unit with a hot-sprayed zinc 
coating of 0.010 in. thickness, and this did provide quite 
reasonable protection over a period of several years, whilst 
preserving the colour of the pure phenol. 

Eventually, as is to be expected with spray coatings, the 
skin was penetrated and considerable corrosion took place, 
particularly in the product condenser. 


Operation and instrumentation 


Basically the operation consists of the separation of all 
the water from the still charge, leaving a pure phenol 
residue which can then be distilled over from less volatile 
diphenols and condensed. The minimum quantity of 
phenol is naturally desired in the water and this fact led 
to vacuum operation, since the azeotrope at atmospheric 
pressure contained far too large a quantity of this main 
product. 

However, this phenolic water is recycled to process and 
this fact rendered it unnecessary to operate at 40 mm. Hg 
absolute vacuum to break the azeotrope completely. The 
azeotrope at 260 mm. vacuum was satisfactory from the 
viewpoint of process efficiency and this vacuum was easily 
obtainable with an inexpensive reciprocating vacuum pump. 

The procedure, as previously outlined, consisted of 
initial distillation of phenolic water of constant com- 
position with variable reflux. This reflux was obtained by 
the use of a dephlegmator, or reflux condenser, the water 
supply to which was controlled by the column top tem- 
perature with overriding manual control. 

Towards the end of the phenolic water period an 
increased percentage of phenol begins to concentrate at the 
top of the tower. The charge is then ‘ squeezed ’ free from 
water by increasing the boil-up rate with total reflux, 
leading to a concentration of higher strength or inter- 
mediate-strength phenol and water in a small volume 
below the dephlegmator. The reflux is then reduced and 
this small volume of intermediates, termed watery phenol, 
rapidly discharged to the water phenol receiver, from 
where it is diverted to the next still charge. 

It must be mentioned that, of course, one of the more 
important features deciding the operating pressure was 
that due to the high boiling point of phenol at atmospheric 
pressure. At 260 mm. Hg absolute working pressure the 
distillation was possible with 100 p.s.i.g. steam, the con- 
densate from which was trapped, discharged to a flash 
tank and formed part of the feed for the low-pressure 
main at 30 p.s.i.g. (Concluded on page 65) 
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Nuclear power for Finland 
and Argentina 

The International Atomic Energy 
Agency will participate in a study in 
Finland to determine the extent to 
which nuclear power will be needed 
there during the next decade and the 
steps that will have to be taken to 
carry out any possible nuclear power 
project. 

The Agency will also send a mission 
to survey nuclear power needs in 
Argentina after the results of a general 
power survey which is being made 
there by the International Bank have 
been evaluated. 

The Finnish Atomic Energy Com- 
mission, in co-operation with the 
country’s largest national power under- 
taking, the Imatran Voima Oy, has 
established a study group headed by 
Prof. Erkki Laurila, chairman of the 
commission. 


Further U.S. grants for study 


The U.S. Atomic Energy Commis- 
sion has approved grants totalling $1.8 
million to 56 universities and colleges 
for the purchase of laboratory equip- 
ment needed to initiate or expand 
their nuclear educational programmes 
in the physical sciences and engineer- 
ing. 


Italian heavy water reactor 


The heavy water research reactor of 
the Italian Committee for Nuclear 
Research has been brought to its full 
operating power of 5,000 kw. The 
reactor went critical earlier last year. 

Allis-Chalmers nuclear power de- 
partment, Washington, D.C., designed 
and constructed the reactor, which is 
located at Ispra, 40 miles north of 
Milan. 

The reactor will be turned over to 
the Italian government following an 
extensive testing programme with the 
reactor at full power. Italy already 
has leased the facility to Euratom for 
research purposes. 

Heavy water acts as both the coolant 
and moderator. Allis-Chalmers has 
designed, built and operated another 
heavy water research reactor which is 
in operation at the Massachusetts 
Institute of Technology. 

This research reactor was designed 
primarily for scientific investigation 
and provides neutrons for basic 
research. 
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Nuclear power for small 
submarine 

At Windsor, Connecticut, U.S.A., 
the prototype for a small submarine 
has achieved full power operation. 
This plant, designated S1C, was de- 
signed and developed for the U.S. 
Atomic Energy Commission by Com- 
bustion Engineering Inc. 

Housed in a section of a submarine 
hull, the S1C power plant includes a 
pressurised water reactor, propulsion 
machinery and all the controls neces- 
sary to simulate operation of a nuclear 
power plant in an actual sea-going 
submarine. 

The SIC is the prototype nuclear 
propulsion plant for the Tollibee, the 
U.S. Navy’s first nuclear hunter- 
killer submarine, now under con- 
struction at the electric boat division 
of the General Dynamics Corporation. 


Uranium reduction 

Rapid deterioration of tank lining 
materials has led operators of two 
uranium reduction plants in South 
Africa to adopt neoprene. 

One of the problems at these plants 
has been the attack by oil on lining 
materials used in the clarifying tanks. 
This has resulted in rapid impairment 
of lining materials used in the past. 

The tanks are 8 ft. high and 50 ft. 
in diam. They are used to clarify the 
pregnant solution from the solids, con- 
sisting mainly of siliceous matter. The 
pregnant solution then goes directly to 
the ion-exchange columns from which 
the uranium oxide U-238 is extracted. 


Heat into a.c. current 


The conversion of heat directly into 
alternating current electricity in sig- 
nificant amounts, without use of rotat- 
ing machinery or d.c.-a.c. converter, 
has been carried out by General 
Dynamics Corporation’s general atomic 
division in California, U.S.A. 

A high-temperature caesium cell 
converter was used to produce suf- 
ficient alternating current to illuminate 
a series of small light bulbs. 

In the caesium cell, a metal plate is 
heated white hot. The electrons 
boiled off the hot plate, or emitter, 
are collected on an adjacent cold plate 
called a collector. The hot and cold 
plates act as the poles of a battery, 
delivering current to electric wires for 
distribution. Part of the heat put into 
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the hot plate is converted directly into 
electric current. 

A vapour of caesium metal, added 
in small amounts to the cell, performs 
three functions which enhance the 
conversion process: the vapour steps 
up the rate at which the electrons boil 
off the hot surface; it reduces the 
energy loss at the cold surface; and, 
most important of all, it creates an 
ionised gas or plasma which neutralises 
the electron space charge in the region 
between the hot and cold surfaces, 
thereby causing the current to pass 
much more readily through the region. 


‘ Saucepan’ reactor 

A working model of a new type of 
reactor, unofficially dubbed the Sauce- 
pan reactor and officially described 
as a liquefied fluidised-bed reactor 
(LFBR) is to be built and tested by 
the Martin Co., U.S.A., under the 
U.S.A.E.C. reactor programme. 

Essentially, the new reactor is a 
metal cylinder, similar in shape to a 
saucepan and having a perforated 
bottom supporting a bed of pea-sized 
pellets containing Uranium-238 and a 
small amount of Uranium-235. The 
reactor is put into operation by forcing 
water up through the bed, forcing 
the pellets upwards and separating 
them. The water in the interstices 
between the pellets acts as a moderator 
and a chain reaction is created. 


* Zenith ’ goes to work 

The Zenith reactor started operation 
at the Atomic Energy Establishment, 
Winfrith, Dorset, and the final stages 
of commissioning are being carried out. 
Zenith, described in CHEMICAL & PRo- 
CESS ENGINEERING, 1959, 40 (8), 289, 
will be used by the international staff 
of the O.E.E.C. High Temperature 
Reactor Project to establish design 
characteristics for a 20-Mw. high- 
temperature, gas-cooled reactor, Dra- 
gon, which is also to be built at Winfrith. 

A United Kingdom Atomic Energy 
Authority team was responsible for 
the basic conception of Zenith, for the 
approval of contractors’ designs and 
for the inspection and commissioning 
of the plant. The fuel elements and 
nucleonic instrumentation were de- 
signed and produced by the Authority. 
The main contractors for the reactor 
were the General Electric Co. 


(More Nuclear Notes on page 57) 
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Ceramics and Cermets for 
Nuclear Fuels 






By F. R. Paulsen, B.Sc., Ph.D., F.R.1.C., F.C.S. 


Several ceramic and cermet materials are being studied for use in nuclear reactors. Results so far 
offer the hope that these unusual materials will provide the answer to the design and constructional 
problems of high-temperature reactor systems. 


QUEEZING the last kilowatt out 
of a reactor is something that 
nuclear power engineers cannot resist. 
Improved neutron economy and 
advanced reactor core design have 
resulted in higher neutron flux den- 
sities, and with these came the possi- 
bilities of higher coolant temperatures 
and improved steam conditions. The 
limiting factors have been the thermal 
resistance of structural materials, and 
the serious distortion which occurs in 
metallic uranium at high temperatures 
and high flux. 

The British choice for a power 
reactor fell upon the gas-cooled, 
graphite-moderated type, since the 
physics of such piles had been fairly 
well worked out, and the known 
engineering problems did not appear 
to be insuperable. Experience at 
Calder Hall made possible consider- 
able improvements in the design of 
this form of reactor, but, as Sir 
Christopher Hinton had pointed out, 
the long-term improvements which 
could result in greater economy in 
running costs might involve the use of 
fuel elements able to withstand higher 
temperatures than were possible with 
uranium fuel. 


Beryllium 

One very obvious choice was a 
fuel element consisting of a ceramic 
material, which might be canned in 
beryllium. With such an element, 
a very high burn-up, high operating 
temperature and high rating would 
become possible. Beryllium, although 
not a very readily available metal, has 
the advantages of high melting point 
(1,285°C.), and non-reactivity with dry 
carbon dioxide coolant gas, at least 
below 600°C. Another useful feature 
of this metal is that it does not form 
alloys with uranium, so that disin- 
tegration of the can due to this type 
of reaction is unlikely. Because of the 
expense of beryllium, however, (£160/ 
lb. for wrought metal) ratings of 
the fuel elements would have to be 
pushed up to 8 to 10 Mw., and this 
would entail temperatures of 1,200°C., 
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1.e. above the melting point of uranium 
(1,130°C.). One method of over- 
coming this would be to make the 
elements of small diameter, thus de- 
creasing the temperature gradient in 
the rod. By using uranium in ceramic 
form, such as carbide, oxide or silicide, 
it should be possible to obtain very 
much higher fuel temperatures and 
higher burn-up values, of 10,000 
MwD./tonne, or even higher. 
Ceramics for nuclear use include 
fissile and fertile materials used as 
granules, or in bulk form, and refrac- 
tory containers used to hold these. 
Generally, ceramics are inorganic, 
non-metallic substances, capable of 
withstanding high temperatures, and 
usually involving the use of high tem- 
peratures in their preparation. Brittle 
and hard, they include solid and 
vitreous compounds, often derivatives 
of metals or mixtures of metals with 
organic bonds. Sometimes the ceramic 
may be mixed with a metal, giving a 
cermet, or even bonded with resins. 
Ceramic elements are carbon, boron 
and silicon, while the oxides, carbides, 
borides, nitrides and silicides of many 
metals may also be ceramic in their 


properties. Certain hydrides have 
sometimes been included in this 
category. 


Theoretical densities of ceramic 
materials may be calculated from the 
crystal lattice parameters, as deduced 
from x-ray crystallography. Artificial 
ceramics, however, rarely attain these 
theoretical density values, although 
values of over 90°/ of the theoretical 
are frequently achieved. Thermal 
conductivity usually decreases as tem- 
perature rises, and this may be a very 
great change, sometimes as much as 
200 to 500% over the temperature 
range of 10 to 1,000°C. Nevertheless, 
the conductivity of many ceramics at 
high temperatures will exceed that of 
some steels. 

It has been stated that ceramics are 
usually brittle. Indeed, their tensile 
strength is usually low at moderate 
temperatures, but unlike many other 
materials, such as metals, they show 





little tendency to become weaker at 
very elevated temperatures. Here-in 
lies one of their advantages. Some, in 
fact, even become stronger at higher 
temperatures. Graphite, carborundum 
and some metal oxides show this 
behaviour. Their brittleness, however, 
makes them very sensitive to surface 
flaws and microstresses. 

While in a pure metal the atoms are 
all of one kind and can thus easily slip 
into vacancies in three directions with- 
out serious lattice distortion, most 
ceramic maierials are binary or ternary 
compounds, containing atoms of more 
than one kind. Hence, at the elastic 
limit, there is not a yielding but a 
rapidly moving fracture. Again, unlike 
metals, which usually have very simple 
lattice structures, the ceramics have 
complex structures, or else the random 
network of atoms so characteristic of 
the vitreous state. 

Damage to reactor materials during 
use may result from the action of 
fission products or of fast or slow 
neutrons, while even gamma rays and 
beta particles may contribute their 
damaging effects. Dislocations may 
occur, usually healed at a rate depen- 
dent on the speed of diffusion, com- 
pactness and the nature of the bonds. 
At low temperatures there is usually 
a saturation of damage at a low level, 
and at high temperatures there is a 
very rapid healing of the dislocation. 

Ceramics with open, cubic lattice 
structures show surprisingly little 
damage on irradiation, although a little 
loss of strength occurs at high tem- 
peratures. There is also remarkably 
little diffusion of the volatile fission 
product gases krypton, xenon, iodine 
and tellurium, and only about 0.01% 
of these escapes from a densely clad 
ceramic element. 


Advantages of ceramic fuels 


The use of ceramic fuels was men- 
tioned as early as 1957, such materials 
having been developed and discussed 
in the U.S.A. The principal advant- 
ages of such fuels may be summarised 
as follows: (a) ability to withstand 
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high temperatures, (6) high resistance 
to corrosion in aqueous systems and 
(c) small dimensional changes under 
irradiation. In the Borax series of 
reactor tests at the Idaho National 
Reactor Testing Station, ceramic pel- 
lets of uranium oxide and thorium oxide 
were used. Whereas uranium metal 
fuel rods have been found to undergo 
enormous elongation and distortion 
during use or test, ceramic fuels did 
not behave in this way. This, of 
course, means far less stress on the 
cans, which stand a far better chance 
of remaining gas-tight. During the 
manufacture of uranium elements, the 
rolling process produces unidirectional 
orientation, and this enhances the 
dimensional changes on irradiation. 
The atoms in ceramic crystals form 
a three-dimensional lattice, however, 
and such strongly marked anisotropy 
as is found in uranium is hardly likely 
to be found in ceramics. 

Using fuel pellets of thorium- 
uranium oxide, enclosed in sheaths of 
aluminium-nickel alloy, stainless steel 
or Zircalloy II, the Idaho workers 
carried out a series of tests in which 
irradiated fuel was cooled either with 
water or with sodium-potassium alloy. 
It was shown that sintered mixtures of 
uranium and thoria, assembled in a 
covering of aluminium with high 
nickel content, were very resistant to 
corrosion, whichever method of cool- 
ing was employed. Ceramic fuels 
were then used in the construction of 
the Borax IV reactor, operated by the 
Argonne National Laboratory at the 
Idaho station. This reactor was a 
development of the Borax III type 
which supplied nuclear electricity to 
Arco on July 17, 1955, the first time 
in the U.S. that a city had nuclear 
electric lighting. Borax IV was de- 
signed to test the boiling-water reactor 
concept under extreme heat-transfer 
conditions. Although ceramic elements 
in this case were being used in a liquid- 
cooled reactor, they are particularly 
attractive as a means to increasing the 
performance of the gas-cooled reactors 
which are so much in favour for large- 
scale nuclear power production. Here- 
in lies their chief interest. 


Criteria of choice 


How will a ceramic fuel be chosen ? 
First of all, neutron economy must be 
considered. This has to be taken into 
consideration before all other factors. 
Then come strength of the material at 
high temperatures, thermal conduc- 
tivity, resistance to thermal shock, 
non-permeability to coolants and to 
fission products, ready availability, 
ease of fabrication, and suitability for 
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reprocessing of the fissile or fertile 
ingredients. 

The first consideration, that of 
neutron economy, automatically limits 
the field very considerably, since only 
materials with thermal neutron absorp- 
tion cross-sections of 0.5 barn or less 
can be termed acceptable. These will 
include alumina, beryllia, magnesia, 
zirconia, uranium dioxide, thoria, 
beryllium carbide, zirconium carbide, 
graphite, the two uranium carbides 
UC and UC,, molybdenum silicide, 
silicon, uranium silicide and a few of 
smaller importance. 

The principal interesting data for 
the afore-mentioned possible materials 
are given in Table 1. 

With the possible exception of 
beryllia, the oxides shown here have 
poor thermal conductivity values, and 
this limits their uses considerably, 
especially in high flux reactors. The 
carbides and silicides have presented 
considerable manufacturing difficul- 
ties, among these being the attainment 
of a pore-free body of satisfactory 
homogeneity. Uranium and its com- 
pounds, such as the oxide, are subject 
to oxidation at high temperatures, and 
would require protection either by 
a suitable inert atmosphere, or by a 
thin coating of some more resistant 
material. 

The question of the diffusion of 
fission products through the ceramic 
has also to be considered, since this 


becomes appreciable at high tem- 
peratures. The density of the ceramic 
must be as high as possible in order to 
minimise this effect, and consideration 
must be given to the use of closed- 
circuit coolant systems and to traps to 
retain these hazardous gases. 


Uranium dioxide 


One of the ceramic materials which 
has been most extensively studied is 
uranium dioxide, UO,. Made under 
high pressure and sintered at 1,700°C. 
in hydrogen, this oxide is obtained in 
a form which can be fairly readily 
machined. It proves to be highly 
refractory and also reasonably resistant 
to water even at fairly high tempera- 
tures. This makes it suitable, unlike 
uranium metal, for use in pressurised 
water reactors. Its tendency to crack 
as a result of thermal stresses means 
that it could not be used in large 
masses in high-power reactors, and it 
would probably have to be in the form 
of pellets. In the case of uranium 
dioxide and thoria, high density entails 
the use of fine particles and carefully 
controlled sintering, the product being 
formed into rods and plates. There 
must be controlled atmosphere con- 
ditions with uranium dioxide, since 
the oxidation to U,O,, followed by 
decomposition back into UO,, which 
occurs at higher temperatures, readily 
introduces disruptive dimensional 
changes. 


Table |. Properties of Some Nuclear Ceramic Materials 















































| | Thermal | | 
- neutron | ‘ 
Density,|Melting | absorption | ,. Coefficient of | Specific 
Name Formula g.jic.c. | Point, cross- linear expansion heat 
C. section, ; 
$q.cm./C.c. | 
Alumina Al,O, 3.79 | 2,015 | 0.0101 tu | 0.21—0.26 
(20—1,000°C.) | (20=1,000°C.) 
Beryllia BeO 2.86 | 2,530 | 0.00074 8— | 0.24—0.50 
(100-1, 000°C. )| 
Beryllium Be,C 2.44 | 2,100 | 0.0010 10.8 
carbide (40—1,000°C. )| 
Carborun- SiC 3.2 0.00647 4.7 0.143 
dum (20—1,500°C.) | (0°C.) 
Graphite ¢ 1.55 3,700 | 0.000350 3.34 0.03 
| (25-1, 800°C.) | (20°C.) 
Magnesia MgO 3.58 | 2,800 | 0.0032 11—15 | 0.23—0.26 
} | (100-1,000°C.) | (20—1,000°C.) 
Molybdenum) MoSi,| 6.2 | 1,870 | 0.0653 
silicide 
Silicon Si 2.33 | 1,430 | 0.00633 | 5 0.162 
| | (20°C.) (20°C.) 
Thoria | ThO, | 9.6 | 3,220 | 0.160 | 8—9 0.058 
| (100-1,000°C. ) (50°C.) 
Uranium | UO, 10.02 | 2,878 | 0.165 11.2 0.056 
dioxide | | (27—1,260°C.) (17°C.) 
Uranium UC, 11.28 2,400 | 0.192 0.035 
carbide (100°C.) 
Uranium USi, | 9—9.2 | 1,700 | 0.141 
silicide 
Zirconia ZrO, 5.32 | 2,600 | 0.00571 | 7:2 0.12—0.16 
| (70—1,000°C.) | (20—1,000°C.) 
Zirconium | ZrC 6.7 3,350 | 0.0072 6.73 
carbide (24—500°C.) 
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Naturally, since uranium dioxide 
contains only 51.5°, of the number of 
atoms of uranium contained in unit 
volume of the metal itself, the power 
obtainable from unit volume is smaller, 
This is offset, however, by the very 
excellent advantages for high-tempera- 
ture use. Several methods of produc- 
ing grains of uranium dioxide have 
been described. One ingenious method 
is to dry uranium trioxide, UO,, by 
spraying, and then to reduce it to the 
dioxide. The product consists of 
almost purely spherical particles. 
Again, hydrated uranium trioxide cry- 
stals may be grown under autoclave 
conditions and reduced to the dioxide 
by means of hydrogen at 1,700°C. 
Such particles retain the shape of the 
uranium trioxide, but they have 
shrunk by about 30°, and are also 
very hard and dense. 

One disadvantage may arise here, 
since reactor heat, especially under 
fast breeder conditions, may cause 
sintering in the reactor, with con- 
sequent difficulties in the subsequent 
processing, since solution in hydro- 
fluoric-nitric acid mixtures is then very 
slow. 

Reference was made above to fuel 
elements for the Borax IV reactor, 
prepared from mixtures of uranium 
dioxide and thoria. Since these two 
oxides form a complete series of solid 
solutions, no true dispersions are 
formed, and a uniform solid solution 
is the product. Such a mixture shows 
no improved heat conductivity or sin- 
tering behaviour, but it can be fabri- 
cated by the air sintering of the 
thoria-U,O, mixtures. Further, such 
mixtures are air-stable, extra oxygen 
being taken up interstitially without 
phase changes. There is the additional 
advantage that the thoria can act as 
a fertile material, being converted 
under neutron irradiation into 
Uranium-233, which is fissile. 


UO.-beryllia mixtures 


Since beryllia, as mentioned already, 
is one of the best thermal conductors 
among the ceramic oxides, dispersions 
of uranium dioxide in beryllia might 
offer advantages. There is a eutectic 
at 2.150°C., at which temperature. a 
liquid phase appears. Thus the upper 
working temperature for beryllia- 
uranium dioxide mixtures is at this 
eutectic point. In the U.S.A., disper- 
sions of 2°, and 10% of uranium 
dioxide in beryllia were made by hot- 
pressing of mixtures of fine-grained 
beryllia and uranium oxide U,O, at 
1,800°C., the uranium oxide being 
then reduced to the dioxide. The 
thermal conductivity, melting point 








Beryllium ingots being reduced to chips on a swarfing lathe at I.C.I.’s wrought 
beryllium plant in Birmingham. It is enclosed to protect operatives against toxic 
inhalations of beryllium. 


and bending strength of the mixtures 
were found to be the same as for hot- 
pressed beryllia. Unfortunately, at 
700°C. in air, uranium oxide U,O, 
was formed, and caused crumbling, 
and volatilisation set in at 1,000°C. 
Recoil of fission products atoms also 
caused serious decreases in compres- 
sion strength and elastic modulus, 
although these changes could be mini- 
mised by using particles of greater 
size, 1.e. 50 to 100 microns, for the 
matrix preparation. 

Work at Harwell has shown that 
there is a eutectic in the thoria- 
beryllia system at 2,200°C., at about 
60 to 70 molar®/, of beryllia. The oxides 
UO,-ThO,-BeO can give a pseudo- 
binary system, and for this there is 
an upper temperature of 2,550°C., at 
which a liquid phase appears. 

Although work is progressing in 
various establishments upon the use of 
oxides such as magnesia, alumina, 
silica and zirconia for matrix produc- 
tion for nuclear fuels, insufficient data 
have been forthcoming to warrant 
reliable conclusions. Although silica is 
stable to radiations, it shows phase 
changes, a feature which is shared 
with zirconia. 


Cermets 

Cermets were the subject of investi- 
gation over 20 years ago in Germany. 
They may be defined as ceramic-metal 
composite materials. They possess 


great refractoriness, resistance to 
chemical attack, to dimensional 
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changes and to corrosion, and they 
show superior thermal conductivity to 
plain ceramics. The cermets have 
found considerable application in the 
nuclear industry, having been used 
for the preparation of fuel elements, 
canning materials, reflectors, modera- 
tors, pumps and valve parts, piping, 
structural materials, shielding and so 
on. Like ceramics, the cermets show 
promise of being able to bring about 
considerable improvements over metals 
for the preparation of fuel elements, 
especially when based on uranium 
oxide or uranium carbide. 

Australian workers have carried out 
valuable work on oxide-based cermets. 
Seeking to overcome the low strength 
and poor thermal shock resistance of 
uranium oxide, and the anisotropy, 
limited operating temperatures and 
other unsatisfactory features of 
uranium, they undertook the develop- 
ment of cermets for nuclear fuel 
elements. One feature which came to 
light was the importance of limiting 
the interaction between the compo- 
nents and with the heating-cycle 
atmosphere, since these would in- 
fluence both fabrication and the 
thermal shock resistance. Of particular 
interest were thoria-zirconium sys- 
tems, which showed that there was 
no extensive solid-state reaction, the 
thoria being much more stable than 
UO, ,, towards zirconium metal. 

Another interesting system was that 
of alumina-chromium, since chromic 
oxide forms solid solutions with 
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alumina, giving a transition bond be- 
tween the chromium and the alumina. 
Strength and thermal shock resistance 
were not as good as could have been 
desired, however. A cermet of alumina 
with chromium, sintered at only 
1,550°C., showed a bend strength of 
27,600 p.s.i. for a nominal 50:50 
weight®, alumina. This result is very 
encouraging. 


Bonding processes 


Since the chemistry of cermet bodies 
is not yet very satisfactorily under- 
stood, bonding processes have been 
extensively studied. There should not 
be extensive reaction between the 
phases if good properties are to be 
retained at high temperatures. On the 
other hand, some reaction improves 
the bonding, the interface being a 
transition zone of bonding, with chang- 
ing structures. In the Australian 
work, a high-resolution, electron- 
diffraction camera made possible the 
examination of interfaces in cermets, 
thin films being used. In the case of 
cuprous oxide-silver and titanium 
carbide(TiC)-nickel (5% molyb- 
denum) systems, complete wetting 
occurred, but in the systems titanium 
carbide-pure nickel, and alumina- 
chromium, no such wetting occurred. 
There appeared to be no interfacial 
compounds nor structural changes 
which would account for these dif- 
ferences. Apparently no chemical 
interaction extending more than a few 
Angstrom units between the cermet 
phase is necessarily involved in the 
bonding or wetting mechanism. Hence 
low interfacial energy is the result of 
short-range physical and chemical 
forces rather than to graded chemical 
bonds. However, the presence of an 
intermediate phase is not a disadvant- 
age if both interfaces are of low energy. 
Liquid metals fill the interstices of 
a ceramic lattice by capillary action 
only if wetting occurs, this giving a 
simple and stable bonding. Alumina- 
silver cermets have been made by such 
infiltration, using cuprous oxide as the 
intermediate bond. If it is found 
possible to introduce a continuous 
layer in the system alumina-nickel, 
complete wetting of alumina by the 
metal will be proved unnecessary, 
provided the intermediate layer is 
wetted. This work is still in progress. 

Although much still remains to be 
done in the field of ceramic and cermet 
nuclear fuels, the progress already 
achieved is sufficiently encouraging to 
warrant the hope that these materials 
will solve many of the difficulties 
inherent in the design and operation of 
high-temperature reactor systems. 
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Solubility of Propane in Water 


By D. S. Davis 
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Neutron-induced 


The National Science Foundation, 
U.S.A., has announced a grant of 
$24,700 to Rensselaer Polytechnic 
Institute for a programme of research 
by Dr. E. J. Winhold and associates 
in the Institute’s Department of 
Physics. The programme concerns 
fast neutron-induced nuclear reactions. 

The grant will for two years support 
the programme which involves study 
of how fast neutrons interact with 
atomic nuclei. It utilises beams of 
high-energy neutrons from the R.P.I. 
Cockcroft-Walton accelerator. 

In the accelerator an intense beam 
of deuterons is accelerated down an 
evacuated pipe and strikes a tritium 


nuclear reactions 


target, unleashing large numbers of 
fast neutrons. These neutrons, being 
uncharged, interact with matter mainly 
via purely nuclear interactions, and 
hence are ideal projectiles to probe the 
interior of nuclei. 

In a typical experiment the neutrons 
beam strikes a target of the material 
being studied. Assorted nuclear par- 
ticles are emitted from the target 
nuclei bombarded by the neutrons. 
These are detected and their proper- 
ties measured by counter assemblies 
suitably placed around the target. 
Such measurements provide important 
information on the structure of the 
nuclei under study. 
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(Allmdnna Svenska Elektriska A.B., Sweden) 


This is the second part of an exclusive article on the Swedish process for producing heavy water by 

the dual-temperature isotope exchange between hydrogen sulphide and water. The first part of the 

article, published in Fanuary, described the organisation and scope of the Swedish heavy water 

programme and gave details of the first pilot plant. In this concluding part, the second pilot plant 

is described and consideration is given to the optimum design of full-scale plant and the economics 

involved. A cost of £10/lb., which ts close to the A.E.C. price, seems reasonable even with a realistic 
rate of amortisation and with such a small plant as one producing 25 tons/yr. 


ONSTRUCTION of a second 

pilot plant was started in the 
autumn of 1958 and it was ready for 
the first test runs in May 1959. Fig. 4 
is a photograph of this plant which has 
been built within the factory area of 
the Swedish Shale Oil Co. (S.S.A.B.) 
at Kvarntorp. This company also 
supplies utilities including require- 
ments of pure hydrogen sulphide. 

Two basic principles have domi- 
nated the plant design. In the first 
place, with its help, a maximum of 
reliable physical and chemical data 
should be obtainable for the design of 
a large heavy water plant, but it should 
also be designed to provide practical 
experience, not only of the dynamics 
of the whole process but also of 
separate parts of the apparatus. The 
latter viewpoint came to play a very 
prominent role as experience of the 
first pilot plant showed that a large 
plant could be presumed to be highly 
dependent upon apparatus of which 
only limited practical experience 
existed for similar operational con- 
ditions. 

These considerations have led to the 
plant being designed as one single, but 
rather large, enrichment stage with the 
following main data: 


Cold tower temperature + ee 
Hot tower temperature oo Mien 
Operating pressure .. s sews 
Tower packing ie .. Spraypak 
Cold tower diameter .. .. 700 mm. 
Hot tower diameter .. 800 mm. 


Height of packing per column 10m. 


With this single enrichment stage 
no highly enriched product can be 
obtained, but with increased tower 
height and completed with secondary 
smaller enrichment stages the plant 
would be able to produce about | ton 
yr. of heavy water. However. at 


Swedish Heavy Water Process—2 
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By B. J. Eriksson 












































Fig. 4. The second pilot plant. !t is constructed mainly of stainless steel; mild 
steel and aluminium have been used for certain parts. Pilot plant operations 
provide valuable corrosion tests. 









present there are no plans for such 
additions. The rather large tower 
diameters were chosen to facilitate the 
use of tower data from the pilot plant 
for the design of the enrichment units 
with towers many times larger. At the 
same time heat exchangers, pumps, 
etc., could be made sufficiently large 
to make it possible to install the same 
types of equipment as are intended to 
be used in a full-size plant. 

The double goal, physical-chemical 
data and practical operational ex- 
perience, was thought impossible of 
achievement at the same time, so the 
plant was built so that it can be 
operated in two different ways with 
either closed or open water circulation. 
This is illustrated in the flow sheets 
Figs. 3a and 3. 

The closed system means that not 
only the hydrogen sulphide but also 
the water is continuously circulated 
within the plant in such a way that it 
is returned from the bottom of the 
hot tower after cooling to the top of 
the cold tower. This system simplifies 
measurements of different kinds as it 
makes the plant easier to operate. 
With this system it is also possible to 
operate the process with enriched 
water to facilitate the isotope analysis. 

The open system corresponds to 
the conditions in the first stage of a 
full-size plant, with natural water 
being continuously fed to the top of 
the cold tower and with hydrogen 
sulphide being stripped from the 





water leaving the hot one. 

An important purpose of the experi- 
mental plant is to make possible a 
practical testing of the heat recovery 
system developed for this purpose. 
The system, as it will be used in a 
large plant, is the same in principle as 
that shown on flow sheet 3d. 

The heat recovery on the process 
water side presents no great difficulties. 
The process water is fed after de- 
aeration to the top of the cold tower 
and is transferred from its bottom to 
the top of the hot tower. The water 
which leaves the bottom of the hot 
tower has no further interest from an 
enrichment point of view, but the 
hydrogen sulphide must be recovered. 
This is done by live steam in a stripper 
operating at the same pressure as the 
enrichment system and at a tempera- 
ture of approximately 215°C. The 
water from the hot tower to the 
stripper is heated in a heat exchanger 
by the water leaving the stripper, the 
remaining excess heat in the waste 
water being used for heating the pro- 
cess water from the cold tower. These 
heat-exchange operations can in all 
cases be carried out in exchangers of 
conventional type, but regard must be 
paid to the large gas volumes formed 
when water saturated with hydrogen 
sulphide is heated. 

On the gas side, heat requirements 
are much greater, but at the same time 
an efficient heat recovery is more 
difficult to achieve. 
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The heat content of the gas leaving 
the hot exchange tower should be 
used for heating and humidifying the 
gas from the cold exchange tower. 
This can be done by indirect heat 
exchange gas-gas in ordinary shell and 
tube heat exchangers, but very large 
and expensive heat exchangers would 
be needed and special systems would 
have to be developed to keep the gas 
being heated approximately saturated 
with water vapour, which is essential 
to make it follow the enthalpy- 
temperature curve of the cooled gas. 

The system now employed in 
Sweden and which has with slight 
variations been discussed in England, 
France and Germany, too, implies that 
the gas-gas heat-transfer operation is 
carried out in three steps: gas-water, 
water-water and water-gas. 

As can be seen on the flow sheet, 
the heat of the hot gas is transferred to 
the water of the gas cooling tower. 
The heat content of this water is then 
transferred to the water circulating 
round the gas heating tower where 
finally the cold gas is heated. 

In this way the heat exchangers of 
the middle step can be kept very small 
because they are working with water 
on both sides while the other two 
steps are accomplished by direct 
coumter-current contact between gas 
and water in towers shorter than the 
exchange towers but with somewhat 
larger diameters. Neither the humi- 
dification in connection with the heat- 

































































i 
1 r----+------4 _——— — «<a ee ae ee “A 
WASTE WATER 3 B 4 Heat Stearn! : 
: \ LExcHancens Hin ‘ 
2 —* ao 
1 J see 
( t 
: ‘ 
TT 1 1 "dae ~ 
! ! 1 1 
¢ |! A | Blt} sls 
a H (fait 
i 
eli tio # COOLING waTeR ' 1ig A pe EY STEAM 
cys Halted 1 HB § | ---- aa 
pF AE o¥i | HEAT ' wo 3i}a| > 
water, |e Yor |! ExcHaNGers | Zolli 
1 le ! eel if aFile 
be ° ' ee es eC) ' 
' bose. 
tls j 3 4 
? 2 a _ 9 | “4 
( - 1 ' 
7 i x 
' 3 
| 








ol 





Fig. 3a. Pilot plant—closed water cycle. 
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ing of the gas or the condensation 
when cooling it will cause any trouble, 
and the entire system, although seem- 
ingly complicated, will be considerably 
cheaper and simpler than indirect 
gas-gas heat exchange. 

Of course, complete heat recovery 
will not be achieved in this way and the 
final temperature of the water entering 
the heat-exchanger towers will be cor- 
rected by means of steam and cooling 
water. In the first stage of a plant the 
deuterium concentration of the gas- 
heating system will be slightly below 
the natural one and hence live steam 
can be used, and it is practical to let 
at least part of this steam pass through 
the hydrogen sulphide stripper before 














Optimum design 
of manufacturing plants 


Parallel with the activities in con- 
nection with the pilot plant, work has 
continued on design studies and cost 
estimates for a full-size plant, but to 
keep the number of plant alternatives 
within reasonable limits much effort 
has been devoted to optimisation, 
mainly concerning the following design 
factors : 


Pressure 

Cold column temperature 

Hot column temperature 

Column height 

Number of series-connected stages 
Economical plant size. 
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Fig. 3b. Pilot plant—open water cycle. 


it is admitted to the enrichment 
system. 

The pilot plant has, for the most 
part, been constructed of stainless 
steel, but mild steel and aluminium 
have been used for certain parts, and 
the pilot-plant operations are regarded 
as a most valuable corrosion test. 

A large plant should no doubt be 
built entirely outdoors, but an outdoor 
pilot plant of this kind which must be 
started and shut down at frequent 
intervals was considered difficult to 
operate during the winter, so it has 
been built indoors, in a very carefully 
ventilated building. It is normally 
supervised and operated from a de- 
tached control room with ventilation. 


Pressure and cold column tempera- 
ture have a close connection with one 
another; a high pressure is desirable 
as it reduces the percentage of water 
vapour in the hot column gas and 
thereby the heat requirements. Low 
temperature in the cold column pro- 
motes the yield, but for each pressure 
there is a minimum temperature owing 
to the risk of condensation of hydrogen 
sulphide or formation of hydrogen 
sulphide hydrate. 

The optimum has been found to be 
in the neighbourhood of a pressure of 
300 p.s.i. and a cold tower temperature 
of 30°C. Optimum temperature in the 
hot tower cannot be generally fixed 
but is, to a great extent, dependent on 
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the economic conditions of a specific 
plant. A high temperature promotes 
the yield, thereby reducing the invest- 
ment cost at a given production, but 
the yield increases considerably slower 
than the steam consumption which to 
a great extent follows the water-vapour 
pressure curve. A correct appraisal of 
the optimum means a balance between 
capital costs and fuel costs and requires 
partly a reliable cost estimate for a 
complete plant and partly a fairly 
well-fixed steam price, amortisation 
time and interest. 

With an amortisation time of 15 
years and steam from an oil-fired 
boiler, it appears that as low a tem- 
perature as 105°C. would be suitable, 
whilst the optimum temperature, with 
a shorter amortisation time and cheap 
steam, can be as high as 140°C. 

An increased tower height results 
in increased yield without the operat- 
ing costs being influenced to any great 
extent. The gain from each additional 
increase diminishes, however, whilst 
the investment cost for the same tower 
height increase remains in the main 
constant. The optimum tower height 
can therefore be calculated, but the 
cost curve has been found to have 
a very flat minimum coinciding with 
the largest tower heights practically 
possible, z.e. 45 to 50 m. 

The number of stages to be chosen 
for a plant will be influenced by,. 
among other things, the operational 
reliability. That the enrichment from 
natural water to e.g. 20°/, D,O should 
not be carried out in one stage is very 
clear. The time for starting up such 
a plant would be many years. It 
seems also less practical to use more 
than four stages as the plant then 
would be complicated with increased 
risk of breakdowns. For these reasons 
it may also be necessary to avoid the 
four-stage plant. Two or three stages 
seems to be the best solution. The 
simplicity of the two-stage plant may 
be balanced by the shorter start-up 
time of the three-stage plant. No 
significant cost difference seems to 
exist between the two alternatives. 

The economical size of an enrich- 
ment plant is essentially a question of 
maximum tower size for the first en- 
richment stage. A large plant could, 
of course, have a number of towers of 
maximum size connected in parallel 
in the first stage, but for operational 
reasons it seems to be better to design 
such a plant as a number of completely 
independent plants, each having one 
pair of towers in the first stage. 
Depending upon the maximum tower 
diameter chosen, the production capa- 
city of such an enrichment plant 
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should be 20 to 30 tons/yr. of heavy 
water with Spraypak towers and 15 
to 20 tons/yr. with bubble cap towers, 
corresponding to 10 to 12-ft.-diam. 
towers. 

No exact estimate of the optimum 
plant design can be made before data 
from the pilot plant is available and 
the site has been chosen for a full-size 
plant, so that proper regard can be 
paid to the local factors, but these 
calculations have made it possible to 
confine the design studies to realistic 
alternatives. 


Manufacturing plant design study 

The model (Fig. 5) has been built 
as part of a design study for a Swedish 
primary plant with a design capacity 
of 25 tons/yr. of heavy water. Some 
details will be given here because this 
plant design is believed to be rather 
close to the optimum one. 

Plant design data and calculated 
utility requirements are as follows: 


25 tons 
8,000 hr. 


2 
0.015%, D,O 


0.30% D,O 
30.0%, D,O 


300 p.s.i. 


30°C. 
115°C. 


Production (as 100°;, D.O) 


Number of stages . . 

Feed concentration 

Product concentration: 
Stage 1 - 
Stage 2 .. 


Maximum pressure 
Temperature: 
Cold tower 
Hot tower 
Tower packing Spraypak 
Diameter: 
Stage 1, cold tower 
Stage 1, hot tower iis 
Stage 1, heat-exchange 
tower =e a 
Stage 2, cold tower 
Stage 2, hot tower ' 
Stage 2, gas cooling tower 
Height: 
Stage 1, enrichment tower 
Stage 1, heat-exchange 
tower Ry: a 
Stage 2, enrichment tower 
Stage 2, gas cooling tower 


11 ft. 
12 ft. 


13 ft. 
3 ft. 
3 ft. 
3 ft. 


160 ft. 


70 ft. 
160 ft. 
53 ft. 


22 tons/hr. 
140 tons/hr. 
350 tons/hr. 
3,000 kw. 


Steam ‘ * 
Process water ms 
Cooling water (15°C.) 
Power - op 


On the second stage only one heat- 
exchange tower is provided, because 
the stages are interconnected on the 
gas side. Hot gas is transferred from 
stage 1 to stage 2 and returned as 
cold, i.e. the whole of stage 2 can be 
regarded as a small by-pass across the 
gas cooling tower of stage 1. 

Even considering the Swedish winter 
climate the plant is assumed to be 
built entirely outdoors, except for the 
control room. On the model the 
vertically suspended heat exchangers 
and the pumps and compressors can 
be seen in front of the towers. No 
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Fig. 5. Model for a primary plant capable of producing 25 tons/yr. of heavy water. 


installed spare pumps or compressors 
are considered. 

As can be seen from the high power 
requirement the gas circulation blowers 
are intended to be equipped with 
electric motors, but if reasonably cheap 
steam is available turbine drive will 
be preferred as it means easier gas 
flow control. 

Tower height figures in the above 
table represent total tower height, 
which is far from the height of the 
packing. High tower skirts are re- 
quired because of the high NPSH 
needed for the pumps, as the gas- 
saturated water will resemble a boiling 
liquid. 

The final enrichment is assumed to 
be carried out by vacuum distillation 
or by the hydrogen sulphide process. 
Vacuum distillation seems to be pre- 
ferable at a small plant because it is 


easier to operate, while for plants with 
an output of 100 tons/yr. or more the 
hydrogen sulphide process seems to 
be so much cheaper that the dis- 
advantages connected with a high- 
pressure process are offset. 


Economics 

The total first cost of the plant 
described above has been estimated at 
£1.7 million including auxiliaries like 
water-treatment plant, hydrogen sul- 
phide purification and storage facilities, 
workshop, spare part inventory, etc., 
but without any steam or power 
generating stations. The cost of the 
central process units amount to about 
one half of this total. 

Operating cost—all fixed charges 
excluded—has been estimated at 
£7/lb. of heavy water produced with 
steam being generated in an oil-fired 
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boiler. Recent Swedish investigations 
on shale combustion have been pro- 
mising, however, and have indicated 
the possibility of reducing steam cost 
considerably, thereby reducing total 
operating cost to £5 to £6/Ib. 

Total manufacturing cost will be 
highly dependent on interest and 
amortisation rates, but estimates in- 
dicate that a cost figure close to the 
A.E.C. price of £10/Ib. seems reason- 
able even with an industrially realistic 
rate of amortisation and with such 
a small plant as one producing 25 
tons/yr. 

A unit for 25 tons/yr. of heavy 
water has been found to be an econo- 
mically suitable unit size regardless of 
total plant capacity. Certain savings 
can be made in a larger plant in the 
form of relatively lower costs for work- 
shops, laboratories, etc., but neverthe- 
less total manufacturing costs seem to 
be only about 10°, smaller for a very 
large plant than for one single unit. 
No doubt one unit will be next to 
nothing as compared to estimated 
future needs for heavy water, but it is 
interesting to find that it seems to be 
possible to operate one such ‘ full-size 





pilot plant’ economically even as a 
separate unit, especially if it can be 
combined with another suitable chemi- 
cal industry with which co-operation 
can be established. 

In a wider perspective the question 
must, of course, be put as to whether 
a plant in Sweden or any other Euro- 
pean country would be able to compete 
with a plant erected at a place with 
favourable natural conditions, 7.e. with 
cheap energy available as natural gas 
or geothermal steam. 

For a really large plant the answer 
will probably be no, all other things 
being equal, but then it should be 
large enough to be able to minimise 
the disadvantages of a remote location 
by its own size and by the number of 
people employed, which probably 
means a capacity of more than 500 
tons/yr. 

For a small- or medium-size plant 
the disadvantages of a remote site 
seem to balance the savings in energy 
cost, and a plant in an industrialised 
area with normal energy costs should 
be competitive, primarily thanks to 
the lower erection costs and labour 
costs. 





The ideal site with very low fuel 
cost in an industrially highly developed 
area seems to be non-existent, but no 
doubt reasonably cheap fuel is avail- 
able in many European countries for 
a plant like this, which is virtually 
independent of raw material and pro- 
duct transportation and thus may be 
erected at any site where fuel and 
water is available. In Sweden, shale 
combustion may be the most attractive 
possibility, but in other countries 
natural gas, lignite or peat may provide 
the same or greater savings in steam 
cost. 

Finally, it should be kept in mind 
that every project must be optimised 
according to existing economic con- 
ditions, fuel cost being one of the 
more important ones. In practice, 
total manufacturing cost will differ 
much less between a high fuel cost 
plant and a plant with cheap fuel 
than a comparison based on the same 
plant design indicates. The dis- 
advantages of a high fuel cost cannot 
be eliminated but they can be greatly 
reduced by attaining the proper 
equilibrium between steam price and 
heat-exchanger investment. 





NUCLEAR NOTES 


Core for research reactor 

The Babcock & Wilcox Co. have 
received a contract to supply the third 
core for the Battelle research reactor 
at the Battelle Memorial Institute’s 
nuclear research centre, Columbus, 
Ohio, U.S.A. 

The replacement core will consist 
of 27 plate-type fuel elements and six 
control elements. It will be made at 
the company’s nuclear facilities plant, 
Lynchburg, Va. The _fissionable 
material in each fuel element will 
consist of highly enriched uranium, 
alloyed with aluminium in curved 
plate form. 

The Battelle research reactor is used 
by both industry and government to 
study the effects of radiation on 
chemical reactions, semi-conductors 
and transistors, and reactor fuel 
materials. It is also being used for 
experiments in reactor and nuclear 
physics. 


Reactor at Indian Fair 

India and America joined in a new 
venture of international co-operation 
in support of Atoms for Peace, when 
President Eisenhower, during his re- 
cent visit to New Delhi, pressed a 
button putting a Triga reactor in 
Operation. The reactor, conceived 


and developed by General Dynamics 
Corporation’s General Atomic Divi- 
sion for training, research and isotope 
production, is an operating feature of 
the U.S. exhibit at the First World 
Agriculture Fair which opened in New 
Delhi last month. 

The reactor is operated throughout 
the two months of the fair by personnel 
from General Atomic’s John Jay 
Hopkins Laboratory at San Diego, 
California. Dr. E. K. Bjornerud, 
formerly of Norway, who contributed 
to the original design of the Triga, is 
physicist-in-charge. 


Plans for Belgian nuclear power 


Belgian plans for nuclear power 
development are being speeded up in 
order to insure the country against 
threatening technical predominance by 
its neighbours and European Common 
Market associates: France, West Ger- 
many and Holland. 

The latest plans foresee construc- 
tion of a 150,000-kw. reactor, built in 
co-operation with the French Elec- 
tricité de France and Belgian private 
groups, at Chooz, near Givet. The 


new power station will be named 
Franco-Belgian Ardennes Power Cen- 
tre and will, in fact, be the first of twin 
stations, one to be built on the French 
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side of the border, the other in Bel- 
gium proper. Belgian electricity will 
hold 50°, of the shares in the French 
enterprise, and France 50°, of the 
shares in that of Belgium. 

Reason for this ‘ twin programme’ 
is that, from a financial viewpoint, 
construction costs will be spread over 
a period of eight years instead of four 
and mount to 3.5 billion Belgian 
francs. The new nuclear power stations 
will reduce Belgian coal consumption 
by 500,000 tons p.a. 


Uranium in England 

The reconnaissance survey for 
uranium, carried out by the Atomic 
Energy Division of the Geological 
Survey in the last two years, is now 
virtually complete. Seventy new 
occurrences of uranium have been 
found during the course of operations 
which have included an aerial survey 
of Cornwall, Devon and much of 
Somerset, as well as surface mapping, 
excavating and drilling at promising 
localities. No deposit of economic 
importance has been discovered. 

The study of uranium occurrences 
in Cornwall and Devon, started in 
1945, has played an important part in 
the discovery of uranium in the Com- 
monwealth, while recent work has 
contributed considerably to the de- 
velopment of aeroradiometric survey- 
ing techniques. 
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HE last survey of this subject 
which was presented in this 
journal’ covered the activities of the 
year 1957. On this occasion the work 
of the two succeeding years forms the 
subject matter for consideration. 

That filtration is a branch of tech- 
nology which is essential to human 
well-being, as well as to process 
efficiency, is now well established. 
This is noteworthy in the newer tech- 
nological processes associated with the 
utilisation of nuclear energy, where the 
removal of radioactive aerosols and 
disposal of wastes is important. This 
is a field of endeavour which cannot, 
however, be considered here. During 
the past two years notable advances 
have been made in fibre technology 
and this subject must be of interest to 
the filtration engineer. Nevertheless, 
it is not proposed to enlarge on this at 
this time. 

New texts which deal specifically 
with filtration have not been observed, 
although valuable books have been 
published which must prove useful in 
commercial practice as well as in 
experimental work. The work by 
Peters,? concerned with plant design, 
includes an excellent section on filtra- 
tion, with worked examples and prac- 
tice problems. Ross and Freshwater 
are the authors of an unusual reference 
data book’ which includes announce- 
ments by manufacturers of plant and 
service units. The short chapter on 
filtration outlines the basic theory with 
a worked example, and presents a 
classification of plant. Those con- 
cerned with fundamental engineering 
science will find valuable contributions 
to flow problems in the books by 
Eckert and Drake,* and Knudsen and 
Katz.5 A contemporary journal has 
published an excellent review, by 
Grace,® which contains 240 references. 

A deeper appreciation of the sig- 
nificance of observable phenomena in 
the operations of technology is the 
concern of engineering science. To 
this end, the contributions by Prof. 
Heertzes and his co-workers are 
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important sections of the foundation 
on which the final edifice of filtration 
engineering will be constructed. In 
an attempt to understand the effect of 
vibrations and of the initial filtration 
velocity on the resistance to filtration, 
Bakker, Heertzes and Hibou’ have 
studied these phenomena when using 
a slurry consisting of spherical particles 
of polystyrene dispersed in water. 
Nylon and nickel filter cloths were 
used for experiments conducted at 
constant pressure. The vibrations 
were created by mechanical devices 
employing a wheel to which impact 
bars were attached. Experimental 
details and methods of evaluation of 
results are given. Alternate periods of 
normal filtration and filtration with 
vibration show interesting results. It 
is shown that the result of vibration is 
an increase in cake resistance. The 
authors attempt an explanation in 
qualitative terms only, at this juncture, 
but do refer the reader to the concep- 
tion of ‘retarded packing compres- 
sibility ’ observed by Rietema.® It is 
apparent that forces exist about which 
little is known quantitatively when a 
liquid is being removed from the 
interstices between particles. Pearce 
and Donald® have shown that forces 
are recognisable which bring about 
shrinkage. The phenomenon is prob- 
ably due to the effects of capillarity and 
appears to depend upon the pore size 
distribution in the bed of particles. 
These investigators discuss, and 
analyse, the work of Haines and of 
Fisher!® and describe also the appara- 
tus which has been adapted for the 
examination of the phenomenon. 
Rose" presented a comprehensive 
account of the methods used for the 
determination of particle size. 


Aerosol filtration 


A theory of aerosol filtration has 
been put forward by Friedlander,” in 
which it is suggested that a diffusion 
mechanism might serve to explain 
some of the difficulties associated with 
an explanation of efficiency of removal. 





















Pressure drop is important (as fibrous 
filters are generally used), but this may 
be predicted quite accurately. Par- 
ticles smaller than about one micron 
exhibit Brownian movement and, 
therefore, it might be expected that 
the mechanism of removal is by dif- 
fusion and subsequent deposition. 
The author introduces Fick’s diffusion 
equation in the form 

dc’ 

dt’ 
which, employing dimensionless terms, 
may be written 

dc 2 v2 
dt N, Pé 

In the above, c’ (or c) and ¢’ (or 2) 
represent concentration and time, res- 
pectively, whilst Dg represents the 
diffusion coefficient. Np, is the Péclet 
number or 


= DgmV?e’ 


dpV 
Dsm 

in which d is the fibre diam. (cm. or 
microns) and V is the gas (and particle) 
velocity in cm./sec. The diffusion 
coefficient is then sq.cm./sec. The 
Péclet number is a measure of the 
ratio of transport by convective forces 
to transport by molecular diffusion. 
By analogy with diffusion and heat 
transfer in flowing fluids, it might be 
expected that solutions to the above 
equation can be found. The author, 
following this conception, derives a 
correlation in terms of dimensionless 
groups which may describe the filtra- 
tion process. Published experimental 
data are compared with a typical cal- 
culation. An impaction parameter is 
visualised and it is suggested that when 
this quantity and the Reynolds num- 
ber are less than unity the impaction 
mechanism is of little significance. 

A sampling device for particles in 
wet gas streams, which is described by 
Thomas,!* employs a ‘ diffuser tube’ 
by means of which water vapour dif- 
fuses out of the system and allows solid 
particles to pass forward. The rapid 
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estimation of specific surface, number 
of particles and particle volume are 
obtainable from nomograms presented 
by Vosseller.* The only preliminary 
information necessary is the density of 
the material and the shape of the 


particle. 


Mechanism of filtration 


The mechanism of the operation of 
filtering equipment continues to be a 
topic of interest to many investigators, 
especially the variation in specific 
resistance which is commonly encoun- 
tered. Satoh and Kataoka! discuss 
this matter in connection with constant 
pressure operation, which is described 
by a modification of Ruth’s equation. 
The gradual variation of the specific 
resistance of the cake is stated by the 
equation 

K 1 + ké 
a D mn se eM AD 
eee ee 


where V, and K are the constants 
usually associated with Ruth’s equa- 
tion, Rk and 6; are experimentally 
determined constants and V is the 
volume of filtrate at time 0. Experi- 
ments are described to show the 
application of this relationship. 

An article’® describes equipment 
and method of experiment for the 
determination of the ‘filtration co- 
efficient,’ and capillary flow charac- 
teristics, for the flow of water through 
porous and disperse solids. The 
contribution is in Russian. 


* Filterability ’ 

A new term, ‘ filterability,’ is intro- 
duced into a useful, practical paper by 
Hertzberg and Mountfort!’ presented 
to the Institution of Chemical En- 
gineers. The authors are concerned 
with operations in the sugar industry 
where it is important to be able to 
estimate the weight of solute recover- 
able from slurries, which themselves 
are very variable in physical proper- 
ties. The measure of filterability, it is 
suggested, is a quantity termed the 
‘slurry resistance’ (s), which ‘ takes 
into account all the properties of the 
solid and liquid phases which can 
affect filtration...’ The mathematical 
deductions are based on Carman’s 
filtration equation'® for constant-pres- 
sure operation and constant specific 
resistance (r), namely 
6 nrc 


—— aR 
v 2pa®” _ fa 


l 
= = 


expressed in the terminology adopted 
by these investigators. 

The equation may be represented by 
a straight-line plot, the slope of which 
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CRITICAL EXTRACTION 


A new, deep-bed, horizontal, turnover pan filter developed for a critical extraction 
‘process by Stockdale Engineering Ltd. Multi-stage counter-current washing is 


incorporated and the unit shown is fitted with pneumatic drive. 


A standard 


electrical drive can be fitted, but the provision of a pneumatic drive makes this 
suitable for flame-proof areas. The filter can also be used for a normal travelling 
pan filter where bed formation and washing is critical. 


is the value of the group 
nrc 
2pa" 
In this manner the numerical value of 
r is obtained. 
The value of s for the practical case, 


where the final pressure is fixed by 
operating conditions, is shown to be 





nrc ; 
ales c.c./g.sec. 


A low value of s denotes ‘a slurry of 


good filtration behaviour.’ In the 
above: 

6 = Time (sec.) 

v = Volume of filtrate (c.c.) 


Absolute viscosity (poises) 
Filter cake resistance (cm./g.) 
- Concentration of insoluble 
solids in slurry (g./c.c.) 


q= 


p = Pressure in filter (dynes/ 
$q.cm.) 

a = Area of filtering surface (sq. 
cm.) 

b = concentration of solute in 
filtrate (g./c.c.) 

R = Initial resistance of 1 sq.cm. 


of septum (cm.~?) 
The authors then proceed to show 
how the conception is employed in the 
design of a typical filter station, where 
the process might commence as a 
constant-rate operation and end by 
constant-pressure working. 
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F. M. Tiller!® has presented the 
third contribution on the part played 
by porosity in filtration operations. 
On this occasion, he deals with the 
very practical conditions where vari- 
able-pressure and variable-rate opera- 
tion are both controlling the process 
working. A method is given for the 
prediction of the average resistance as 
a function of the compression pressure, 
and the filtration resistance at any 
point is determined from the average 
value found. An excellent worked 
example is given, then the application 
of more simplified equations is pre- 
sented. This outstanding paper con- 
cludes with a discussion on the analysis 
of experimental data. The reader 
would benefit if this paper is read in 
conjunction with the two previous 
papers by this author.”° 

Specific filtration resistance is a pro- 
perty of the cake deposited in a filtra- 
tion process, in contrast to the proper- 
ties of the individual particles, and 
therefore its determination is a matter 
of primary interest. Kottwitz and 
Boylan”! have discussed this matter in 
a very interesting fashion and have 
described methods of determination 
based on permeability and small-scale 
filtration tests. They confine their 
work to constant-pressure conditions 
and use the treatment of Ruth and his 
co-workers, together with the obser- 





59 


vations of Grace and of Tiller. Exact 
details of the units employed are given 
and the relation of laboratory data to 
plant practice is shown in the solution 
to an actual problem. 

Coates and Pressburg”’ contribute 
a useful article, arranged as a tutorial 
discussion, on the general subject of 
filtration. The nature of flow resis- 
tance and cake structure, and its effect, 
are discussed, then the general relation- 
ships for filtration processes are care- 
fully explained. Centrifugal filtration 
is also considered. Three excellent 
examples are worked out in detail and 
serve to illustrate the discussion. 


Drainage in a packed bed of 
particles 


The drainage which occurs in a 
packed bed of particles has exercised 
the minds of investigators since the 
beginning of the century. It is a 
subject of great practical interest, 
which has been examined in various 
ways. Nenniger and Storrow,”* using 
the technique of Haines'® to obtain 
the capillary height, have developed 
mathematical relationships which 
allow the prediction of saturation-time 
curves which can be applied either to 
simple gravitational drainage or to 
centrifugal operation. An excellent 
worked problem is included. The 
authors comment on the work of 
others, so that careful comparisons can 
be made. They conclude that the 
‘correlation of capillary drain height 
with the capillary drain number ’ pro- 
posed by Dombrowski and Brownell** 
is valuable when applied to rarticles 
which are essentially spherical, but 
‘wide deviations exist for non-spherical 
particles.” This paper incorporates 
several topics of a fundamental nature 
which will repay further study. An 
essentially practical contribution deal- 
ing with the dewatering of fine coal 
has been presented by Gray.» The 
author describes the nature of the 
problem and, using Darcy’s equation 
as the basis, evolves the following to 
describe broadly the dewatering rate: 


(P - pyr’t 
Posan ‘a 
: av41 ilo (32 lo + Rr) 


where V; is the unit volume of water 
held per unit volume of coal after 
time t from saturation, r is the radius 
and /, is the effective length of the 
capillaries between the particles, \V 
is the volume of water held in the 
capillaries of equivalent radius r, being 
empticd at suction p. p is a mean 
suction value defined by the capillary 


equation: 2y cos 0 


r 








in which y is surface tension and 0 is 
contact angle. P is the applied suction 
and R is the resistance of the filter 
medium per unit area. 

The effect of particle size distribu- 
tion and of porosity are discussed, and 
the phenomena associated with the 
use of flocculants and wetting agents 
are examined. Water-soluble floccu- 
lants appear to assist dewatering. This 
is the case with wetting agents for 
coarse and clean coal, but with fine 
coal the reagent tends to be adsorbed, 
or to deflocculate slimes and clog the 
filter cake. It is, perhaps, relevant to 
remark that the term ‘ dewatering’ 
when applied to the coal industry 
usually implies the use of a rotary-type 
filter, although in some instances the 
term may be applied to the use of 
drainage bunkers. A lengthy discussion 
of this paper ensued.”® 

Filters of simpler design are often 
very effective in particular instances, 
as, for example, the single-layer filter 
described by Wilke.2” This consists 
of a cylindrical vessel constructed of 
appropriate material and having a per- 
forated base. The filter medium rests 
on the base and, if necessary, the liquid 
can be under pressure. An advantage 
is ease of jacketing for temperature 
control, and it may be designed easily 
for small batches. An example of the 
effectiveness of simple filtration occurs 
in water treatment, and particularly 
impressive is the account by Heiple** 
of the action of a filter composed of 
pea-size gravel. Not only is the tur- 
bidity considerably reduced but up to 
50°%, of the bacteria present in the raw 
water are removed. It is stated that 
this arrangement is most effective for 
waters which have a low turbidity, for 
then the particles are usually mostly 







ALGAE FILTER 


The use of deminera- 
lised water for wash- 
ing purposes is in- 
creasing in the elec- 
tronic industries. In 
some cases large stor- 
age containers are 
used and these can 
become infected with 
algae growths. This 
growth is prevented 
by the use of sheet 
filters operated with 
a ‘Carlson K.3’ clarify- 
ing sheet. This 6,000- 
gal./hr. installation is 
working at Ferranti 
Ltd. Manufacturers 
are John C. Carlson 
Ltd. 













colloidal. The use of synthetic organic 
coagulants for sludge filtration is de- 
scribed by Bargman et al.,”® who give 
also a comprehensive reference list. 

Pre-coat evaluation and operation of 
rotary filters using pre-coat have been 
investigated by two groups. Neu, 
Kobata and Leppla*® have evolved a 
laboratory test procedure using a leaf 
filter 0.1-sq.ft. filtering area for evalua- 
tion tests, whilst Bell and Hutto*! * 
have considered this question in rela- 
tion to rotary filter operation. They 
define an ‘ideal’ situation and a 
situation of ‘ blind permeability.’ This 
latter condition is that when no pre- 
coat is being removed. A nomographic 
chart published by Tolin** has been 
arranged to estimate the consumption 
time of the pre-coat medium used with 
rotary vacuum filters. 


Chemical fumes 

The removal of fine acid mists by 
means of high-efficiency fibre filters is 
the subject of an absorbing paper by 
G. L. Fairs.** The problem was 
the removal (99 to 99.8%, scrubbing 
efficiency) of acid mist of particle size 
less than 2 microns from the bisulphite 
section associated with a contact- 
process sulphuric acid plant. The 
experimental work undertaken with 
specially sized glass-wool filters is 
described. The tests were conducted 
with both untreated fibres and glass 
wool treated with silicone to make the 
surfaces water-repellent. Staple Tery- 
lene fibre which has been carded to 
produce a filter medium, ‘ garnetted ’ 
Terylene, was also tested with results 
which were almost as good as those 
with treated glass wool. A very full 
discussion followed the presentation 
of this paper. 
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Air filters 
The operating characteristics and 
construction of several types of air 
filters are described by Becker.* 
Although the article is in German, 
references are made to papers pub- 
lished in English. The author is par- 
ticularly interested in radioactive dusts. 
A paper, recently to hand, by Ter 
Linden*® describes tests on fabric, 
electrostatic and viscous filters for 
air-conditioning plant. 

An interesting article by O’Mara 
and Flodin*’ sets out many points for 
consideration by the design engineer 
in controlling dust and fumes. A 
further general paper on the non- 
woven fabrics industry contains an 
article by T. J. Gillick®* on natural 
and synthetic fibre felts. 





TITANIUM CONTACT PARTS 


Made for the filtration of sodium hypo- 
chlorite for 1.C.1. this filter has titanium 
for all parts which come into contact 
with the liquid, which will attack all 
grades of stainless steel. The filter, 
which has I5 sq. ft. of surface, is designed 
to deal with 660 gal./hr. for 8 hr.—a total 
of 5,280 gal. each run. The manufac- 
turers are Metafiltration Co. Ltd. 


A contribution from the Battelle 
Memorial Institute on the measure- 
ment of the particle size of aerosols 
has been presented by Mitchell and 
Pilcher.2® The method employed uses 
a cascade impactor which is said to 
result in rapid and accurate deter- 
minations. 

The problem of air pollution and its 
abatement is discussed by W. L. 





RADIOACTIVE 
TESTING 


At British Filters’ 
radioactive labora- 
tory considerable use 
is made of tracer 
techniques for testing 
filters and filter 
media. The photo- 
graph shows a special 
test rig for compar- 
ing the performances 
of two hydraulic fil- 
ters under identical 
conditions. 


« 


Faith,*® together with current practice 
in the chemical industry and broad 
estimates of costs involved in removal 
of nuisance. 


Chemical processing 

The importance of filtration in the 
chemical process industry is shown by 
considering the réle of this operation 
in relation to the successful outcome 
of the process. In the manufacture of 
potassium fluosilicate at a works in 
Great Britain* fluosilicic acid (which 
is stored in rubber-lined tanks) is 
reacted with potassium chloride solu- 
tion to produce fine crystals of the 
product. The material is filtered from 
the solution containing fluosilicic acid 
and hydrochloric acid by means of a 
rotary vacuum filter, by Davey Pax- 
man Ltd. All metal parts in contact 
with the liquors are in Monel and a 
fine-weave calico cloth serves as the 
filter medium. 

Cornell and Dahlstrom*® have pre- 
sented an interesting paper which 
describes the working and efficiency 
of the Eimcobelt rotary filter (formerly 
known as the Rotobelt filter). They 
state that an important advantage of 
the unit is that cakes as thin as 4, in. 
have been completely discharged and 
‘it has always been possible to design 
on at least a minimum thickness of 
Lin.’ The paper stresses the economic 
advantages obtained through the use 
of this unit in industries where dif- 
ficult to filter materials are encoun- 
tered. The first carbonation of beet 
sugar juice results in a liquor which is 
commonly clarified by a clarifying unit 
in conjunction with some form of 
filter. In a personal note, Dr. Dahl- 
strom has shown that the Eimcobelt 
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unit has produced a liquid of extreme 
clarity, better colour and decreased 
sucrose inversion—due to the reduced 
retention time. The same type of 
filter has been successfully employed 
at a large copper-nickel extractive 
plant. The leach liquors contain the 
valuable metals and must be separated 
from the gangue. The leached pulp is 
adjusted for pH by the use of lime- 
stone with the result that a residue of 
gypsum must be removed. With con- 
ventional plant difficult filtration prob- 
lems were encountered due to severe 
blinding, but the installation of the 
new unit not only eliminated this but 
resulted also in an increased yield of 
the valuable product. The paper con- 
cludes with a description of the ex- 
periences encountered in the dewater- 
ing of gluten and fine fibre at a wet 
corn milling plant. These are very 
difficult operations, yet it was found 
that the belt of the unit was very 
resistant to blinding; indeed, it 
required cleaning only once or twice 
a week, in contrast to the experience 
of cleaning after each batch with plate- 
and-frame presses. 


Pan filter 

Pratt*® describes the manufacture of 
phosphoric acid from finely ground 
(more than 60°, through 200 mesh) 
phosphate rock, which is essentially 
Ca,(PO,).. It is well known that 
common impurities such as fluorides 
and siliceous matter give rise to 
objectionable reactions, and careful 
control is necessary to give good filter- 
ing properties, after the reaction with 
sulphuric acid. The difficulties of 
normal filtration are overcome by the 
use of the Dorr-Oliver pan filter. This 
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consists of a series of shallow filter 
pans attached to an endless rubber 
belt, which are made to pass over 
suction boxes. The suction boxes are 
so arranged that filtrate liquors of 
varying strengths may be obtained 
when a counter-current system of 
washing is employed. The cake is 
discharged at the end drum of the 
system. Filter cloths are of Saran or 
stainless steel. The feed contains some 
40%, gypsum and a cake is obtained 
which is ‘ several inches thick.’ 


Disc filter for magnesia slurry 

A description is given of the plant 
for the recovery of magnesia from sea- 
water“ by the following process, in 
which slaked, burned dolomite is 
added to the water for the precipitation 
of the magnesia content present as 
sulphate and chloride (equivalent to 
2.2 g./l. of MgO): 
2Ca(OH), + 2Mg(OH), + MgCl, + 
MgSO, + 2H,O > 4Mg(OH), + 

CaCl, + CaSO,.2H,O 


The final magnesia slurry is filtered, 
after washing, on disc filters fitted 
with heavy-gauge nylon fabric as filter 
medium. The disc sections are con- 
structed from sycamore. In order to 
ensure a precipitate which can be 
handled satisfactorily, unpolymerised 
acrylamide is added at the settling 
stage. The separated cake contains 
50% moisture and is finally calcined at 
1,600°C. 

In the small-scale manufacture of 
the salts of Li, Cs and Ru, particularly 
lithium salts, a Sweetland filter 14 in. 
diam. and 12-leaf, in cast stainless steel 
was used with synthetic or glass-fibre 
filter cloth, according to D. E. Gar- 
rett. Lithium salts are prepared 
from pure LiOH or Li,CO,. Similar 
cloths are used in a centrifuge when 
easily separable crystalline precipitates 
are obtained. 

In order to effectively use sulphur 
in commercial operations it is neces- 
sary to remove the naturally occurring 
?sh-forming materials. Molten sul- 
phur may be filtered, a process which 
is described in detail by Donovan and 
Barnett.“ Sulphur has the remarkable 
property that the viscosity of the liquid 
material decreases from its melting 
point (about 115°C.) to 157°C., then 
there is a rapid increase in viscosity to 
a value such that flow ts almost pre- 
vented. At 190°C. the viscosity begins 
to decrease until at 250°C. the liquid 
is again quite fluid. Thus a primary 
feature of the process is to control the 
temperature within rather narrow 
limits, 
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Pre-coat filter aid 

Originally, carbon tube filters were 
used, pre-coated with diatomaceous 
earth, but the performance was con- 
sidered unsatisfactory. Laboratory 
experiments were next undertaken on 
a simple nutsche-type filter using 24 
x 110-mesh, Dutch-weave, stainless- 
steel wire cloth. Pre-coat filter aid 
was used, 

The experimental results were 
analysed and recommendations are 
made. Evaluation of both plant and 
laboratory tests were made by using 
the integrated, constant-pressure for- 
mula based on the conceptions of 
Poiseuille*? which, on correlation of 
data, involves plotting 

6 bat V 
(vja) “SN A 
where 6 represents time and V and A 
are volume and area, respectively. 
Excellent results are indicated by the 
graphs published. Specific cake resis- 
tances, «, were obtained from com- 
parable runs at different pressures and 
these were then used to calculate cake 
compressibility, s, from the relation: 

% APi 

*e AP3 
Values of s varied from 0.1 to 0.8 
according to the process, which in- 
dicates that some materials form 
virtually incompressible cakes. 





Alumina-silica catalyst 

* Catalytic cracking .. . has effec- 
tively revolutionised the petroleum 
industry.’ This is the assertion by 
Shearon and Fullem*® on describing 
the process for the manufacture of 
alumina-silica catalyst. Silica hydrosol 
(prepared from sodium silicate and 
sulphuric acid) is impregnated with 
Al,(SO,)3, then ammonia is added to 
precipitate the Al,O, and so form the 
Al,O,-SiO, complex. Examples given 
show that the precipitate ranges in size 
from average 54 to 65 microns, and is 
filtered off on Dorr-Olver drum filters. 
These are 11.5-ft. diam. and 16-ft. 
long, made of 316 stainless steel, and 
each unit has a filtering area of 575 
sq. ft. The rotary, water-sealed 
vacuum pump is rated at 2,900 cu.ft./ 
min. at 20 in. mercury, and is direct 
coupled to a 150-h.p. motor. Outline 
methods of chemical and physical 
evaluation are given. 

The normally difficult process of 
filtering a waxy petroleum oil is over- 
come by diluting with a suitable sol- 
vent, according to Butler.*® The paper 
is very complete and deals with the 
effect of the ratio of oil to solvent. 

The decomposition of silicon tetra- 








chloride in a hydrogen flame furnace 
for the production of colloidal silica is 
described in a report by several 
authors.*° After cooling, the SiO, is 
largely removed in cyclones, but in 
order to obtain a recovery greater than 
99°, a bag filter is used after the 
fourth (and final) cyclone. This form 
of silica has many applications in 
commerce, ranging from anti-slip floor 
waxes, in which it may be incor- 
porated, to the reinforcing of natural 
rubber. 

Powell et al.*! describe the chemis- 
try and pilot-plant operation for the 
manufacture of uranium hexafluoride 
from UF, by interaction with fluorine. 
UF, is used in the gaseous diffusion 
process for the separation of uranium 
isotopes. The exit gases from the 
settling chamber at a cyclone separator 
are filtered in units containing porous 
metal filter elements, contained in a 
steel shell. 


Equipment design 

A timely article on operating charac- 
teristics and design features of filters 
is presented by Reed.*? This should 
be of value to both the student and 
the design engineer. After reviewing 
the desirable features of continuous 
and batch equipment, the author con- 
siders the special factors which affect 
filter selection. Pre-selection tests are 
emphasised as being desirable and 
the following examples are mentioned : 
‘ washing cellulose acetate fines to a 
residual acetic acid content of 0.01%, ; 
filtration of lithium chloride in an 
inert atmosphere to prevent moisture 
absorption; and separation of explo- 
sive lithium hydride from oil at 300°F.’ 


Combination of units 


In contrast, Rumpelt® asserts that 
the filtration process can be cheapened 
and worked at a faster rate if com- 
binations of units are used, such as a 
rotary vacuum filter with a centrifuge. 
Von der Heide™ states that candle 
pressure filters used either alone or 
along with other types of filter are all 
that is required for almost any filtration 
problem. Filter cakes, for example, 
can easily be pre-dried and removed 
by compressed air. In the laboratory, 
Heath® shows that a filter pad made 
from 80 to 100-mesh polythene par- 
ticles dispersed in ethanol, or aqueous 
ethanol, is rapid drying and resistant 
to alkalis. 

Ancillary equipment is most impor- 
tant, especially pumping units. Deal- 
ing with diaphragm pumps, Jahreis” 
has presented an instructive article on 
mechanical design, flow characteristics 
and maintenance. Heaps,°” alternately, 
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has published a practical account con- 
cerned with erosion, packings and 
bearings of centrifugal pumps. 

The horizontal flow of slurries has 
been discussed by Lowenstein®* using 
a method of calculation based on the 
work of Spells.°® 

A most useful suggestion on ‘ how 
to boost available pumping head’ is 
contained in an article by Boresta.®° 
The method has been used for washing 
filters. A modification to the normal 
centrifugal pump installation is sug- 
gested which, in effect, makes the 
liquid delivery intermittent rather than 
continuous. 


New construction materials 
Amongst the newer materials of 
construction, it is observed that 
moulded synthetic materials are being 
used more often. Thermaflow 100 (by 
Atlas Powder Co.) is a_ polyester 
material which has been used for filter 
plates." It is said to be resistant to 
hot mineral acids and alkalis, hypo- 
chlorites, peroxides, chlorides and 


organic solvents. Jaffe** mentions that 
stacks of corrugated sheets of poly- 
styrene are used, with others, in recent 
designs of percolating water filters. 

In an article dealing with the 
automation of filtration equipment, 
Zievers® discusses the principles 
involved. 

Where laboratory facilities are not 
extensive enough, articles such as 
those by Gambill®: © are of consider- 
able value. He deals with the physical 
properties of water, including surface 
tension, in a nomogram which, 
although primarily intended for heat- 
transfer calculations, may be of service 
in filtration work. Three articles by 
this author are concerned with the 
calculation of liquid viscosity. 

A review by Weaver® is concerned 
with chemical cost and profitability 
estimates. During the course of the 
discussion he refers to liquid filters and 
to a paper by E. M. Smith on wet dust 
collectors. Features of this type must 
be consulted by design engineers and 
those responsible for plant installations. 
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Choosing LUBRICANTS 


for Chemical Plant Machinery 


Here is a guide to lubricating systems and lubricants best suited to the special re- 
quirements of pumps, valves, stirrers, fans and other machinery in chemical plants. 


HE lubrication of chemical plants 

is designed to ensure free move- 
ment of machinery in sometimes very 
corrosive atmospheres. Among the 
more usual machines are: mechanical 
stirrers; valves, the spindles of which 
are frequently operated by remote 
control through shafting; gears; con- 
veyors; and pumps, fans or other 
machinery for moving solids, liquids 
and gases. 

In chemical plants, lubrication is 
usually less of a problem than corro- 
sion prevention because the load in- 
volved in moving parts is normally 
light, when compared with equivalent 
loads on machinery in other industrial 
fields. The main problem in the lubri- 
cation of chemical plant machinery is 
often to prevent seepage of the lubri- 
cant into the product. To avoid seep- 
age, non-creep oils or greases are used; 
these contain gelling agents which 
impart thixotropic properties to the 
lubricant, thus ensuring adequate 
fluidity for lubrication purposes, while 
preventing seepage. 


Gear lubrication 


In its simplest form, the lubrication 
of open gears consists of nothing more 
than spreading a suitable lubricant on 
the teeth with a brush or paddle. The 
lubricant should be very adhesive, so 
that it is not flung off by centrifugal 
force. 

Where speeds are higher, loading is 
heavier, or longer lubricant life is 
called for than could be expected from 
occasional hand application, it is neces- 
sary to ensure a constant supply of 
lubricant. Sometimes an oil bath is 
fitted, in which the lowest teeth of 
one of the gearwheels dips. Provided 
that the ends of the bath extend suf- 
ficiently far round the wheel to catch 
the drips that come off the teeth as 
they emerge from the lubricant, that 
the speed is not sufficiently high to 
fling oil, and that the location is not so 
dirty that the oil is rapidly contami- 
nated, the system is economical in 
prime costs and in gear oil and is widely 
applied to both worm and spur gearing. 
Nearly always a viscous oil is used. 

Where gears are running open in 
inaccessible locations, one solution to 
the lubricating problem is to take a 


64 


feed from a mechanical grease lubri- 
cator to a slotted tube above the gear 
teeth. A 4-in. width is recommended 
and its length should not exceed 1 in. 
As the ribbon of grease tends to close 
up after leaving the nozzle, it is best 
to bring it as close to the tips of the 
teeth as possible. Because of the 
spreading power of the grease, a 1-in.- 
wide ribbon will provide coverage for 
a 3-in.-wide tooth. For wider teeth, 
additional nozzles, each fed from its 
own pump, should be provided. The 
use of a succession of small-diam. 
holes is not satisfactory, as difficulty 
may be experienced in obtaining a flow 
of lubricant from all orifices. 

As far as size of machinery is con- 
cerned, the biggest are usually girth 
gears on barrel-shaped mixers; here 
a toothed ring is fitted to the periphery 
of the container and is driven by a 
gear wheel which meshes with it. 
There is often a train of gears between 
the source of power and the final 
driving gear. Such a train is frequently 
seen on small concrete mixers working 
on building sites. These are relatively 
small and mobile, but their counter- 
parts in the process industries can be 
very large, as in the case of cement or 
paint mills. There the problem is to 
reduce wear caused by the ingress of 
abrasive dust particles, or solid par- 
ticles, which will react with or other- 
wise impair the lubricant. 

Dust can best be kept out by fitting 
seals. There is a large variety of seals 
and careful thought should be given 
to choosing the best type for the con- 
ditions prevailing. Besides the detri- 
mental effect of abrasive particles 
there is also, in the case of bearings of 
mills and crushers, considerable buffet- 
ing. So a good quality grease is 
required for their lubrication; it should 
have such a consistency that it lubri- 
cates the bearings while remaining 
firm enough to withstand shock loads 
and not be squeezed out too rapidly. 
In most cases a lithium-based grease 
with an NLGI 3 penetration is best 
for the job. But often a cheaper soda- 
or lime-based grease of the same pene- 
tration is adequate. 


Fan lubrication 
The lubrication of extraction fans or 


other ventilation machinery bearings 
depends on the type of machinery in 
question and the driving power. 
Steam-driven fans are normally oil- 
lubricated and have a self-contained 
enclosed oil-feed system. The oil is 
usually straight mineral oil with a good 
demulsibility to ensure separation and 
easy extraction of the water which has 
condensed from steam leaks. If the 
fan is driven by an electric motor, the 
bearings are normally grease-lubricated 
and in most cases the grease is lithium- 
based and has an NLGI 3 penetration. 

Pump bearings can be lubricated in 
several ways. One method is by oil- 
ring lubrication, in which the bearing 
is contained within a casing, the sump 
of which contains the lubricant; the 
top half of the bearing is cut out in 
such a way that a metal ring can rest 
on the shaft, this ring being of such 
a size that its lowest part dips into the 
oil in the sump. The ring is driven by 
contact with the rotating shaft and its 
movement is resisted by its drag 
through the oil bath and its un- 
balanced weight. This is due to the 
weight of the oil clinging to the ring 
as it leaves the bath, making the 
ascending side heavier than the de- 
scending side. Thus, two opposing 
forces govern the rate of ring propul- 
sion, for there is always a degree of 
slip and the ring runs at a speed which 
produces equilibrium between the pro- 
pulsive and resistive forces. Because 
the resistance is related to the oil 
viscosity and the depth at which the 
ring is immersed in its oil bath, care 
must be taken in the selection of a 
lubricant. The oil container, too, 
must be of adequate size so that small 
losses do not produce wide variations 
in oil level. The loading on such 
bearings is seldom critical and a 
straight mineral oil will perform 
adequately. It is often desirable to 
use an oil containing anti-oxidant and 
anti-corrosion additives to increase the 
oil life and to afford greater protection 
to the machinery against corrosive 
action. 


Oil circulating systems 

Where bearing loads are critical, or 
where there are gears to be lubricated, 
forced - feed lubrication is usually 
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adopted using oil pump circulating 
systems. These can broadly be divided 
into three types: low, high and mixed 
pressure. In the low-pressure system 
the lubricant is pumped from the 
sump to a trough above the bearings 
from which it drops by gravity through 
pipes and drilled oilways to the parts 
requiring lubrication. As the system 
is not subjected to pressure other than 
the little imposed upon it by the lift 
against gravity and the frictional losses 
in the pipes, no pressure relief valves 
are necessary. 

In the high-pressure system the oil 
is fed under pressure which is regu- 
lated by a relief valve set to lift when 
the pressure exceeds a certain pre- 
determined amount. This may be 
anything from 10 to 100 p.s.i. 

The mixed-pressure system is essen- 
tially a high-pressure layout with some 
of the oil bled off at a much lower 
pressure for the purpose of lubricating 
certain auxiliaries. It may also be a 
hydraulic service in which some of the 
oil is tapped off at reduced pressure 
for lubrication purposes. 

As in the case of splash lubrication, 
straight mineral oils of the appropriate 
viscosity can be used in forced-feed 
lubrication but, if the loads are par- 
ticularly heavy, a mild extreme-pres- 
sure additive is added to the oil. 


Extreme-pressure lubricants 


The name ‘extreme-pressure oil’ 
is something of a misnomer; this type 
of lubricant was originally evolved in 
order to cope with the combination of 
high tooth pressure and high sliding 
velocity that exists in hypoid gears. 
The nomenclature is further compli- 
cated by the use of such terms as 
“powerful extreme pressure’ and 
“mild extreme pressure.’ Industrial 
gears such as are used in chemical 
plant machinery require, at the very 
most, only a mild extreme-pressure oil. 

When two metal surfaces are moved 
over each other under the influence 
of the high pressure that exists be- 
tween gear teeth, contact is made only 
on the high spots. Consequently, the 
local pressures are extremely high and, 
over these minute areas, the tempera- 
tures are sufficiently elevated to cause 
local welding and then, as the move- 
ment proceeds, the welds are torn 
apart. It is this action that causes the 
high coefficient of friction, the high 
temperature and scuffing experienced 
when metals are run on the point of 
seizure. 

In some cases, especially when 
driven by electric motors, pump bear- 
ings are grease lubricated, in which 
case the tendency today is again to use 








an NLGI 2 or 3 consistency lithium- 
based grease. 

In the field of grease lubrication 
there also exist E.P. greases for use 
where extreme-pressure properties are 
required of the grease-type lubricant, 
but the use of E.P. greases is not very 
common and seldom adopted for 
the lubrication of chemical plant 
machinery. 


Valve lubrication 

The lubrication of valves and cocks 
on the various lines conducting molten 
solids, liquids and gases is of great 
importance. Valves and cocks have to 
seal the line completely otherwise they 
can be a menace, especially if the 
liquid or gas retained is highly 
corrosive or flammable. 

Valves are frequently grease lubri- 
cated and the lubricant often has a 
double duty—it must ensure the free- 
dom and ease of the moving parts of 
the valve, and it must help in sealing 
the valve completely when the latter 
is used. 

In one type of valve the second 


‘objective is achieved by screwing a 


stick of grease down into the hollow 
spindle from where it is squeezed into 
recesses cut into the valve cage so that 
all points where leakage can possibly 
occur are sealed with viscous lubricant 
under a pressure equal to, or greater 
than, that of the liquid or gas controlled 
by the valve. 

Valve lubricants have to be speciaily 
selected for the different services to 
which the valves are destined, and the 
following are some of the types of 
products used. 

Ordinary straightforward lime-based 
greases can be used for aqueous solu- 
tions, other than acids, and also with 
methylated spirits. The aqueous liquid 
must not exceed a temperature of 
150°F., and this type of grease is not 
suitable for use in contact with other 
solvents such as petroleum spirits, 
chlorinated solvents, coal-tar naphtha, 
turpentine, etc., nor should it be used 
in connection with acid liquors. Where 
the valve has to deal with these and 
the temperature does not exceed 
100°F. a tallow/castor type of grease 
can be used. This would also be 


’ resistant to oils of petroleum origin in 


general, including lubrication oil and 
fuel oils. This type of grease must 
not be used with aqueous liquors. 

When the lubricant is required to 
withstand very high temperatures (up 
to 400°F.) and the valve is on a system 
dealing with acids, alkalis, salt solu- 
tions, hot glycerine and gases, a heavily 
graphited mineral jelly and cylinder 
stock mixture has proved effective. 
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However, this is not suitable where 
mineral oils and solvents could come 
into contact; in this case, a compound 
of mineral oil and an alkaline earth 
soap can be used to good effect. A 
variant of this compound, heavily 
thickened with an inert filler, can be 
used as a stiff valve grease for very 
hot water systems. 

Wax is also used as a valve lubricant, 
normally in connection with acetone 
or similar solvents. 

Where edible liquids and molten 
solids are concerned, the lubricant 
must be quite innocuous and flavour- 
less. A suitable lubricant is a soda- 
based compound made up to the con- 
sistency of a grease with animal fats 
and oils and a neutral filler. In the 
confectionery industry, cocoa butter is 
frequently used for the lubrication of 
all parts of the machinery in contact 
with food. 

A new synthetic material which has 
an exceedingly low coefficient of fric- 
tion and a very high resistance against 
corrosive action of chemical liquids is 
polytetrafluoroethylene. It is used for 
the seating of valves and cocks, which 
can then operate quite freely without 
requiring any lubrication. 

The above information has been sup- 
plied by Wakefield-Dick Industrial Oils. 





Batch Distillation Column 
(Concluded from page 47) 


Instrumentation for this type of dis- 
tillation is necessarily limited and inex- 
pensive. The diagram (Fig. 3) indicates 
the minimum provided as considered 
necessary in the present case. 

This in operation proved adequate, 
though certain features required 
modification. 
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Acriticism of the design methods used 
in this paper will appear next month. 
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High-temperature Chemical Processing 






with Electric Furnaces 


The value of the electric furnace as an instrument for chemical processing is now fully recognised. 
Temperatures beyond 4,000°C. can be achieved. This article deals with the construction, operation 


LECTRIC furnaces have several 

advantages, depending on how the 
energy is applied. In general, they 
lend themselves to atmospheric con- 
trol, are clean and, most important, 
temperatures beyond 4,000°C. can be 
achieved. 

The technology of applying tem- 
peratures of 4,000°C. allows industry 
to commercially produce many com- 
pounds hitherto considered either 
theoretical or only of academic interest. 
Many new refractory and electro- 
chemical compounds are now available 
by applying electrical energy. Avail- 
ability of these new high-melting com- 
pounds in turn makes many high- 
temperature operations possible. In 
fact, many laboratories are studying 
new techniques to raise temperature 
limits. 

In general, the electric furnace is 
used to accomplish three things. 
Firstly, purification of many ores is 
now common practice. Secondly, ores 
available in a satisfactory chemical 
purity may have an undesirable crystal 
structure which can be altered by 
electric furnace techniques. Finally, 
compounds not available in the natural 
state can be synthesised by fusing 
selected raw materials. 

There are many ways these three 
processes can be carried out in the 
electric furnace. 


The arc furnace 


The most common form is the 
clectric arc furnace. It is mainly used 
in the steel, abrasive, refractory and 
electrochemical industries. 

Two methods to generate heat in 
an arc furnace are shown in Fig. 1. 
In the direct-arc furnace, voltage is 
applied between two or more carbon 
or graphite electrodes, positioned 
above the furnace charge. 

In most cases, the charge is a non- 
conductor of electricity at room tem- 
perature, but becomes conductive at 
elevated temperatures. To fuse the 
charge it is necessary to lay a trench of 
coke on the surface of the charge, 
between each electrode. When the 
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and properties of electric furnaces. 


electrodes are lowered to this coke bed, 
a current flows, generating heat which, 
in turn, melts the furnace charge lying 
adjacent to it. The charge then be- 
comes conductive and current flows 
from electrode to electrode through 
the molten bath. 

Here, heat is generated in two ways: 
by radiation from the electric arc 
between the electrode and the bath, 
and through the resistance-heat effect 
within the bath. Both these sources of 
heat can be controlled closely by pro- 
perly selected operating conditions and 
equipment design. 


Purifying by arc 

When carrying out a purification 
process in an arc furnace, two effects 
can be accomplished. Impurities may 
be volatilised in the intense arc or 
they may be chemically reduced in 
the molten bath. There are definite 
reasons for using one or the other of 
these methods. 

Commercial production of fused 
zirconium oxide, used as both a refrac- 
tory and electrochemical, is a good 
example of purification. The natural 
source of zirconia is zircon sand, 
approximately one-third of which is 
SiO,. It is desirable to eliminate this 
high percentage of silica and this can 
be achieved by two methods, either 
one producing fused zirconia contain- 
ing as little as 0.10°/ silica. 

To remove the silica as a fume, the 
furnace is operated at a relatively high 
voltage. This, in effect, positions the 
electrodes above the bath and draws 
a long arc in which the zircon sand 
melts by either radiated or conducted 
heat. Silica, having a lower melting 
point than zirconia is evolved at about 
1,700°C. and removed from the fur- 
nace area by a dust removal system. 
Resultant fused ZrO, has a low silica 
content. 

Such a process is commonly used 
to separate two oxide constituents of 
an ore. This process is practical when 
the two constituents have considerably 
different melting points. The lower- 
melting oxide is readily volatilised and 
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then recovered in a suitable dust 
collection system while the higher- 
melting material is recovered as the 
fused mass. 

To remove silica from zircon sand 
by chemical reduction, the furnace is 
operated at a lower voltage but with 
higher electric current. This higher 
current leads to high resistance heat, 
which in turn leads to a hotter bath. 
If a form of iron is added to the bath, 
the silica combines to form a ferro- 
silicon that either sinks to the bottom 
because of its density or remains hung 
up and distributed throughout the 
product as discrete particles. These 
particles are later removed by magnetic 
treatment. This approach is also used 
commercially to produce fused alumi- 
nous oxides from bauxite ores. 

It is interesting to note here the arc 
furnace’s versatility. In the above 
example, the slag phase is actually the 
desired high-purity oxide product and 
the impurities are removed in the metal 
phase that becomes a by-product. The 
opposite occurs in a steel furnace 
where the impurities are removed in 
the slag phase. 

Indirect arc furnaces are used mainly 
in the steel industry. They consist of 
electrodes mounted horizontally, in 
line, some distance above the furnace 
charge. An arc is drawn between the 
electrodes and resultant heat is trans- 
ferred to the charge either by direct 
radiation from the arc or reflection 
from the furnace roof. 

Arc furnaces have the advantage of 
being able to handle large quantities 
of materials reasonably economically. 
They suffer from the disadvantage of 
low thermal efficiency due to the 
difficulty of insulation and also because 
atmospheric control is difficult. 


Electrodes and power related 


Most arc furnaces use either carbon 
or graphite electrodes. Graphite is 
considerably more expensive, but it is 
purer and has greater strength and 
higher current-carrying capacity than 
carbon. Severity of operation and 
purity requirements of the product are 
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generally the factors that determine 
the type of electrode chosen. 

Most furnaces use an extruded and 
machined electrode up to 6 ft. long. 
Screw joints of carbon or graphite are 
used to increase useful electrode length. 
There are some operations, such as 
carbide furnaces, that use a con- 
tinuously formed carbon electrode 
baked solid from the heat of the fusion. 

Choice of single-phase or poly-phase 
operation is determined by several 
factors. Plants with very few furnaces 
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Fig. |. Three varieties of resistance furnaces. 


generally operate with a three-phase, 


three-electrode set-up to maintain a 
balanced electrical load on the power 
supply. Plants with a great number of 
furnaces may be operated single-phase 
and still maintain a balanced electrical 
load on the three-phase power supply 
by properly allocating single-phase 
power to each furnace. Therefore, it 
is not desirable to use the same furnace 
design interchangeably. 


Resistance furnaces 


There are several forms of resistance 
furnace as shown in Fig. 1. In 
general, this type of furnace uses heat 
generated by a carbonaceous resistor. 

The open - type, direct - resistance 
furnace is widely used to make silicon 
carbide. In a silicon carbide furnace, 
a voltage is impressed on an electrode 
at each end. Between the electrodes a 
carbonaceous material, in the form of 
rod or lump, acts as the starting 
resistor. Around this resistor the 
furnace charge is loosely packed. The 
furnace is open on top to facilitate 
ready escape of gaseous impurities 
during fusion. 

To start the fusion, current is passed 
through the central core or rod. This 
core heats up and immediately melts 
the charge adjacent to it. The carbon 
starting charge burns out very rapidly, 
but the fused material becomes suf- 
ficiently conductive to carry the load. 
Fusion thus proceeds from the central 
portion and grows radially to a point 
determined by the economics of power 
input. 
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With this furnace little atmospheric 
control is possible. Its operation is 
also dependent on the electrical con- 
ductivity of the furnace charge. 

Also common is the closed resistor 
furnace using the above principle. 
With this type of furnace, provision 
must be made for escaping gases. 
Closer control of atmospheric con- 
ditions with this furnace is possible. 

Radiation from a graphite cylinder 
heated by resistance to flow of elec- 
tricity is also used. In this type of 
application, the furnace charge is 
placed inside the cylinder in a highly 
refractory container, and there is com- 
plete control over atmospheric con- 
ditions. It is capable of high-purity 
work but is not a highly productive 
unit. Temperatures of the order of 
2,500°C. can be obtained. 

Another variation of resistance heat- 
ing uses radiation from a resistor bar 
such as silicon carbide or zirconium 
oxide. Silicon carbide bars are useful 
in oxidising conditions to about 
1,500°C. Zirconia bars, that must be 
externally heated to about 1,500°C. to 
become conductive, are useful beyond 
2,000°C. This type of heating is 
recommended for tunnel kilns in 
oxidising atmospheres. 


Induction furnaces 


The induction furnace shown in 
Fig. 3 is very useful for temperatures 
up to 3,000°C. This furnace uses a 
high-frequency generator, generally 
above 1 kc/s., resulting in high tem- 
peratures in the susceptor. This comes 
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Fig. 3. Induction furnace. 


from the susceptor’s resistance to 
induced electric currents. Heat is 
radiated inward by the susceptor to 
where the furnace charge is placed. 
This furnace gives clean operation 
with good atmospheric control. It can 
be used for large-volume production 
of high-purity materials. 

These three types of furnace, the 
arc, resistance and induction, are now 
widely used. Newer types are being 
developed but are not at this time 
commercially feasible. 

Nuclear reactions, for instance, may 
generate temperatures of 1,000,000°C. 
But there are few practical applications 
for this heating other than power 
generation. 

Solar furnaces provide a very clean 
heat source that is operated to about 
4,000°C. Again there are few practical 
applications. 

Recent developments have been 
made using the ionised gas or plasma 
principle. This technique appears 
practical for generating temperatures 
from 8,000 to 15,000°C. However, it 
will probably be quite some time 
before these principles are brought to 
commercial practice. 


Variation of properties 


Products made by the three types 
of operation mentioned above can be 
produced well-fused and with high 
density. Or products can be partially 
fused, sintered materials. 

In the arc furnace, when molten 
material solidifies within the furnace, 
a gradation appears from well-fused 
through sintered to unfused materials. 
Selective sorting of this material deter- 
mines the physical characteristics of 
the product. With the open resistance 
furnace the same situation occurs. 
However, with closed resistance fur- 
naces, the degree of fusion is closely 
controlled by regulating the operating 
temperature. Similar control is pos- 
sible with the inductance furnace. 

Further control of the product’s 
physical characteristics is possible with 
arc and inductance furnaces. Molten 

(Concluded on page 75) 











Company News 





Hattersley (Ormskirk) Ltd., have 
appointed Markland Scowcroft Ltd. 
stockists of their range of gun-metal 
and cast-iron valves which includes 
their new range of gun-metal radiator 
valves. 

* 

Chemical Construction (G.B.) Ltd. 
and Whessoe Ltd. are to collaborate in 
the design and construction of Chemico 
catalytic carbon monoxide removal 
plants for the detoxification of town’s 


gas. 
* 

A. & W. (Overseas Developments) 
Ltd., a company of the Albright & 
Wilson group, have placed an order 
with the Burntisland Shipbuilding Co. 
Ltd. for a motor cargo vessel of about 
10,000 tons deadweight to carry phos- 
phate rock to the company’s factories. 


* 


I.C.I. plastics division are to increase 
polythene production by about 15%, 
this year, bringing the annual output 
to about 105,000 tons. Fears that 
there may be a shortage of polythene 
in the domestic market this year are 
therefore allayed. 

As a result of the completion of 
new I.C.I. plants in India and Aus- 
tralia, and increased production in 
France and Germany, more polythene 
will be available for home distribution. 


* 


M. de Malmain, president of Ateliers 
et Chantiers de Bretagne of Paris and 
Nantes and Mr. R. C. Rodger, 
managing director of Cockburns Ltd., 
of Cardonald and Rotterdam, announce 
a further step in the association of 
their companies which commenced in 
1910. As from the date of this new 
agreement Bretagne will manufacture 
Cockburns’ products for marine, in- 
dustrial and atomic applications in 
France. They will also act as Cock- 
burns’ selling agents for France and 
Algeria. Additionally, a reciprocal 
arrangement has been completed 
whereby Cockburns manufacture cer- 
tain of Bretagne’s units, including 
special compressors and evaporators, 
in Britain. Cockburns will also act as 
Bretagne’s selling agents for these 
units in Canada, Australia, South 
Africa and certain other parts of the 
British Commonwealth. 

A tri-party agreement is under final 
discussion between these two com- 
panies and Black, Sivalls & Bryson, of 
Kansas City, which covers the Euro- 


pean manufacturing and marketing of 
B.S. & B. pressure equipment. 
x 


A Group Works Division, respon- 
sible for the overall administration of 
their twelve production centres in the 
U.K. has been formed by the Wake- 
field Castrol Group. 

* 


Nash & Thompson Ltd. have ac- 
quired a second factory, within 200 
yds. of their present research and pro- 
duction unit in Chessington. This 
new factory has increased the available 
space by 35,000 sq. ft. 

* 


The Babcock & Wilcox Co. has 
established an international sales sec- 
tion in its boiler division sales depart- 
ment in Ohio. The new unit has been 
set up to handle all foreign sales for 
the division and to provide improved 
contractual services for overseas cus- 
tomers and their agents. 

Manager of international sales is 
Mr. S. T. Mackenzie, who also con- 
tinues as vice-president in charge of 
sales for the division. Responsibility 
for contracts with overseas customers 
and direction of the company’s foreign 
sales representatives and agents lies 
with Mr. F. D. Wilson in New York. 


* 


Mobil Oil have appointed Mr. B. R. 
Fraser as manager of a new manu- 
facturing department to be located in 
the head office in London. Mr. 
Fraser was the manager of the com- 
pany’s refinery at Coryton, Essex. He 
will now co-ordinate the work of the 
refinery, the blending works at Wands- 
worth and the blending works and 
grease plant at Birkenhead. Mr. 
Fraser, who is 55, joined Mobil in 
1953 from the Burmah Oil Co. where 
he had been manager of the Digboi 
refinery. 

Mr. J. W. Bartholomew, formerly 
assistant refinery manager at Coryton, 
succeeds Mr. Fraser and Mr. C. E. 
Bean, operating superintendent, is 
appointed assistant refinery manager. 

* 


Elliott-Automation have bought for 
cash the nucleonic instrumentation 
business of Isotope Developments 
Ltd., including its laboratories and 
works at Beenham, near Aldermaston. 
Elliotts are acquiring the name and 
goodwill of the Isotope Development 
Co. but not the business of its sub- 
sidiary R. A. Stephen & Co. Ltd. 

The Atomic Energy Authority is 





one the principal customers of Elliott 
Nucleonics which is supplying equip- 
ment for the advanced gas-cooled 
reactor being built at Windscale. It is 
also contributing equipment for the 
Dreadnought, Britain’s first atomic 
submarine. 

The activities now being taken over 
with Isotope Developments are in the 
field of scientific and industrial instru- 
mentation in which radioactive iso- 
topes are used for a wide range of 
applications, including many in the 
field of control in the process industries 


* 


At the beginning of December trials 
of the I.C.I. General Chemicals Divi 
sion’s acrylonitrile plant at Cassei 
Works, Billingham, were successfully 
completed. Hitherto British manu- 
facturers of synthetic rubber co-poly- 
mers and acrylic textile fibres have 
been dependent on imported raw 
materials. This plant has adequate 
capacity to meet all foreseeable home 
demands. 

The major outlet will be for acrylic 
fibres but there is an expanding de- 
mand for the manufacture of high- 
impact strength resins. I.C.I. will 
itself use some of the output for its 
Butakon range of butadiene/acrylo- 
nitrile synthetic rubbers. 


PRICE REDUCTIONS 


Various firms have announced re- 
ductions in prices: 

British Oxygen Chemicals Ltd. have 
reduced the prices of melamine. 
Coupled with price reductions made 
in the autumn these will save the 
consumer about £40,000 p.a. 


* 


I.C.I. have reduced a number of 
their inorganic and organic products. 
Together with reductions announced 
in December, saving to the U.K. con- 
sumer will be almost £2 million p.a. 
Increases of a few prices (effect of 
which is less than £60,000 p.a.), due 
to increase in cost of some imported raw 
materials, have also been announced. 


* 


James A. Jobling & Co. Ltd. re- 
duced the price of industrial glassware 
by amounts varying from 5°, to 35%. 

. 


Shell Chemical Co. Ltd. have re- 
duced Oxitol (ethylene glycol mono 
ethyl ether) by £10/ton and Isopropyl 
Oxitol (ethylene glycol mono isopropy! 
ether) by £5/ton. Reductions of up 
to £10/ton have been announced for 
propylene oxide and polythene glycols. 
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World News 








PAKISTAN 


Proposed reactor 

On his return from Karachi, the 
Governor of East Pakistan, Mr. Zakir 
Husain, told reporters that an atomic 
reactor would be set up at Dacca 
shortly to provide training facilities for 
scientists and students. 


COSTA RICA 


Synthetic textiles 

Plans have been announced by a 
local firm for the construction of a 
factory for the manufacture of syn- 
thetic textiles from imported raw 
materials, at an estimated cost of 
U.S. $13,000. 


AUSTRALIA 


Petrochemicals expansion 

An agreement to construct a new 
plant for the manufacture of petroleum 
chemicals in New South Wales has 
been reached between Shell Chemical 
(Australia) Pty. Ltd. and I.C.I. of 
Australia and New Zealand Ltd. 
(ICIANZ). 

Shell Chemical will erect an ethy- 
lene manufacturing and purification 
unit at Clyde, N.S.W., in association 
with its refinery there. The ethylene 
produced will be piped to ICIANZ at 
Botany, N.S.W., where it will be used 
for polythene manufacture. 

The total investment represented by 
current extensions at Botany and 
Shell’s new ethylene plant at Clyde 
will be over £A10 million. Enough 
ethylene will be available to meet the 
two firms’ requirements for many years 
to come. 

Construction of the new Clyde 
plant will start this year and it will 
come on stream within two years. 
Wherever possible locally manufac- 
tured material will be used in its 
construction. 


GREAT BRITAIN 


New oil pipelines 

Construction of Britain’s longest 
crude oil pipeline has been completed. 
Running for over 60 m. across South 
Wales, the pipeline links BP’s tanker 
terminal, now being built near Angle 
Bay, Milford Haven, with the com- 
pany’s Llandarcy refinery, near Swan- 
sea. The pipeline, which is capable 
of carrying 5 million tons p.a. of 
crude oil, will be ready to receive 
crude oil for the refinery from the 
first tanker to call at the terminal 
later this year. 


Esso Petroleum Co. are seeking per- 
mission to lay a 75 m. oil products 
pipeline from their refinery at Fawley 
to a new distribution depot, having a 
storage capacity of 20 million gal., 
near London Airport. The project 
will cost £2.5 million. The pipeline 
which will be buried at least 3 ft. 
deep will have an initial capacity of 
1.5 million gal./day. It is hoped to 
commence work this year and com- 
pletion is planned by early 1963. 


NEW ZEALAND 


A new attempt on the ironsands 
It was recently reported from 
Wellington that an iron-ore develop- 
ment company that will separate iron 
ore from the ironsands of Taranaki, 
on the west coast of the North Island, 
and ship ore overseas, is to be formed 
at New Plymouth. The company plans 
to have a pilot plant working within 


‘three months. 


Laboratory tests have proved satis- 
factory and, if the pilot plant succeeds, 
the installation of a major plant to 
extract 100,000 tons p.a. and building 
up to 300,000 tons later will be pro- 
ceeded with. Output will be shipped 
overseas, but the destination has not 
been revealed. 

A commentary on previous attempts 
to exploit the Taranaki ironsands 
appeared in CHEMICAL & PROCESS 
ENGINEERING, 1959, 40 (9), 300. 


Aluminium project 

A huge power station deep under- 
ground, with a discharge tunnel six 
miles long under the New Zealand 
Southern Alps to Doubtful Sound, 
may be built in Southland (in the 
southern part of the South Island) as 
part of a £60 million aluminium works 
scheme. 

Both Manapouri and Te Anau lakes 
in Southland have been offered by 
the Government to Consolidated Zinc 
Pry. Ltd., an Australian aluminium 
company, for the works. 

A continuous output of more than 


600,000 kw. of hydro-electric power 


is available, which is enough to pro- 
duce 250,000 tons of aluminium p.a. 

The industry would be a notable 
earner of overseas funds for New 
Zealand, as well as being able to 
supply part of its production to the 
planned Auckland aluminium fabrica- 
tion mill. 

Consolidated Zinc owns large de- 
posits of high-grade bauxite in Queens- 
land. It plans to turn the bauxite into 
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INDIA’S NEW STEELWORKS 


The No. 1 blast furnace at the 
Durgapur Steel Works being lit by 
Mr. K. Sen, general manager of Hindu- 
stan Steel Ltd. This furnace, together 
with two others, has been supplied by 
Head Wrightson Iron & Steel Works 
Eng. Ltd. 

The plant was officially opened by 
the President of India, Dr. Prasad, at 
the end of last year. 








alumina in Queensland, but needs a 
large source of cheap electricity to 
convert the alumina to aluminium. 

New Zealand Ministry of Works 
estimates place the cost of power from 
Manapouri at less than 0.2d./kw. com- 
pared with about 0.8d. for a coal 
station or 0.5d. for the average hydro- 
electric station. 


NORWAY 


More aluminium 

Norway will in a few years’ time 
probably be the largest producer of 
aluminium in Europe, according to the 
managing director of the Norsk Alumi- 
nium Co., N. Ramm. When all pro- 
jects now under construction have 
been completed, the capacity will be 
230,000 metric tons p.a., but even 
further expansion is probable in a few 
years’ time. Total production for 
1959 is estimated to amount to 145,000 
tons. The export of aluminium was 
16,000 tons in 1947, 110,000 tons in 
1958, and still greater in 1959. This 
brings Norway’s production on a par 
with West Germany’s and close up to 
the French. 


Norsk Hydro plans big expansion 

The Norwegian industrial concern 
Norsk Hydro, Norway’s second largest, 
is planning new investments to a total 
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of 500 million kroner (£25 million) 
over the next four-year period, accord- 
ing to the managing director, R. Ost- 
bye. In order to be able to stand up 
to the strong competition which now 
lies ahead in the Free Trade Area, it 
will invest in the continuous improve- 
ment and expansion of production 
equipment. 

The concern has invested 800 
million kroner (£40 million) since the 
war, 90°/, of which has been financed 
by the concern itself. It employs 
8,600 people and consumes 18%, of 
Norway’s total hydro-electric output. 


SWEDEN 


Big heat exchanger for pulp mill 

The world’s largest plate heat ex- 
changers of their kind will be delivered 
by A.B. Separator, Stockholm, to the 
Swedish Cellulose Co.’s Ostrand mill. 
The De Laval units will be used to 
recover about 90°, of the heat of the 
bleaching plant waste water, represent- 
ing a value, based on current oil prices, 
of Kr. 15,000(£1,000)/24 hr. at con- 
tinuous operation. 

Design features include a special 
type of corrugation of the heating 
surfaces to minimise depositing of 
fibres and particles contained in the 
waste water. The cleaning of the 
exchangers is facilitated by hydraulic 
locking devices. Each plate exchanger 
weighs about 5 tons and is made from 
special stainless steel. 





Of interest to our readers... 


The following articles appear in the 
February issues of Leonard Hill journals. 
Copies can be obtained by writing to the 
Circulation Manager, Leonard Hill House, 
Eden Street, London, N.W.1. 


Automation Progress — Automation 
Progress in Czechoslovakia; Logic 
Elements for Control Systems. 


Dairy Engineering—Developments in 
Ice Cream Manufacture; The Monitoring 
of Radioactive Contamination in Milk; 
Ice Cream Equipment; Practical Cleaning 
Routines for the Dairy. 


Food Manufacture—Ice Cream; The 
Baking Industry; Flavours and Flavouring 
Agents. 


Manufacturing Chemist—Purity of 
Analytical Reagents; Polyols; Sulpho- 
succinates; Drying Plant. 


Petroleum—Drilling Fluids; Effect of 
CMC Viscosity on Drilling Mud Proper- 
ties; Bentonite in Drilling Muds; Oil 
Survey in English Channel. 


World Crops—Fertilisers in the Aus- 
i Wheat Industry; Worth-while 


Manuring; Liquid Nitrogen Fertilisers in 
the U.S.S.R.; 
from Oil. 


Agricultural Chemicals 
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Orders and Contracts 


A Russian trade delegation has 
placed an order worth £16,000 for 13 
gas-liquid chromatographic analysis 
units with Griffin & George Ltd. This 
is the second order from the U.S.S.R. 
during the past year. The first was 
for six instruments. 

* 

The West Midlands Gas Board 
who, with the approval of the Minister 
of Power, are to install high-pressure 
coal gasification plant on a new site at 
Coleshill, Warwickshire, have awarded 
the £6.5 million contract to Woodall- 
Duckham Construction Co. Ltd. 

The installation to be completed in 
1963 will include tonnage oxygen 
plants, Lurgi type complete gasifica- 
tion generators and extensive ancillary 
plants for gas treatment and enrich- 
ment, by-product recovery, effluent 
treatment and coal and ash handling. 
The gas manufacturing capacity will 
be 40 million cu. ft./day and provision 
made for future extension in two stages 
to 80 million and 120 million cu.ft./day. 

The generators are designed to 
gasify low rank, small coals from the 
Midlands coalfields. 

* 

A contract valued at more than 

£10,000 has been awarded to William 





ima / 
PLANT NEARS COMPLETION 
A vacuum separator is hoisted 180 ft. 
to the top of the prill tower at SunOlin’s 
urea plant now under construction at 
North Claymont, Del., U.S.A. Urea 
pellets are formulated in the prill tower. 
This first urea plant on the Eastern 
seaboard, 70°, completed, will go into 
production early this year. The urea 
will be used in resins for the chemical 
industry and as a high nitrogen fertiliser 
and a feed supplement. SunOlin is a 
joint venture of Sun Oil Co. and Olin 
Mathieson Chemical Corporation. 








Boby & Co. Ltd., water treatment 
engineers, to supply two complete de- 
alkalisation base-exchange plants for 
the Hull Fish Meal & Oil Co. Ltd. 


* 


A contract for an additional poly- 
vinyl acetate emulsion plant to be 
erected by mid-1960, at the National 
Adhesives Ltd. factory at Slough, has 
been awarded to Blaw Knox Chemical 
Engineering Co. Ltd. 

This extension will enable National 
Adhesives to increase production of 
standard polymers, complex polymers, 
and internally plasticised co-polymers. 

*x 


A 12-cwt. shipment, said to be 
worth £40,000, was recently sent by 
Ilford Ltd. to the U.S. for use by 
Prof. Schein and his co-workers at 
Chicago University. It comprised 
G.5 nuclear emulsion, which will be 
used to record the disintegrations pro- 
duced by nuclear particles of high 
energy coming from outer space. 

* 


An order has been received by the 
Power-Gas Corporation (Australasia) 
Pty. Ltd., from Sulphide Corporation 
Pty. Ltd., a wholly-owned Australian 
member of the Consolidated Zinc 
group, for the supply and erection of 
the charge handling plant for a new 
smelter being erected at Cockle Creek, 
near Newcastle, N.S.W. The value 
of the order is about £A300,000 and 
the installation is to be completed by 
the end of the year. The new smelter 
which is an improved vertical furnace 
type developed by Consolidated Zinc’s 
main U.K. subsidiary, Imperial Smelt- 
ing Corporation, will utilise the blast 
furnace principle to produce zinc and 
lead metal simultaneously. 

* 


Hunt & Mitton Ltd. have received 
from their agents in the Argentine 
several orders for high- and low- 
pressure valving for steam and feed 
water for a thermal power station. 
A further order has been received 
from Francis Shaw & Co. Ltd., of 
Manchester, for automatically operated 
valves for steam, high-pressure hot 
water, air and vacuum for a rubber- 
tyre factory in Bulgaria, and from 
Simon Handling Engineers Ltd. for 
stainless-steel valves for the automatic 
injection of additives on the Banbury 
for the tyre factory to be built in the 
Ukraine which is being supplied by 
the Rustyfa Consortium of British 
Companies. These orders are worth 
more than £20,000. 
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CPE reference numbers are appended to all items appearing in these pages to make it easy for readers to 
obtain quickly, and free of charge, full details of any equipment, machinery, materials, processes, etc., in which they 
are interested. Simply fill in the top postcard attached, giving the appropriate reference number(s), and post it. 


Seals are ‘U’ 


A new fluid seal which is claimed to 
eliminate many of the difficulties 
encountered in the design and opera- 
tion of double-acting hydraulic pistons 
is offered by Hall & Hall Ltd. 

Conventional practice in sealing 
double-action mechanisms is to use 
two seals back to back, one seal operat- 
ing on the inward and the other on the 
outward stroke. The difficulty arises 
of dealing with fluid accumulation 
between these seals; however efficient 
they may be in resisting leakage under 
pressure, there is generally some fluid 
‘creep’ between the piston and the 
seal. 

The pocket of fluid thus formed 
between two seals can cause rapid 
wear of the seals if it is allowed to 
remain. It moves from one seal to 
the other as the piston reciprocates, so 
that both seals are subject to excessive 
wear, whether by continuous flexing 
because the seal is unseated, or by 
damage to the sealing lips. Usually 
this wear is minimised by use of vents 
to allow fluid to escape from behind 
the seals. 

The new Hallprene patent double- 
acting fluid seal is fundamentally two 
impregnated fabric U-seals bonded to 
a rubber core. It can be mounted 
centrally in a groove on the piston 
spigot, filling the diametrical clearance 
between spigot and cylinder. It is 
available in a wide range of sizes. 

CPE 1435 


The shape of things to come 


Large nylon symmetrical shapes 
weighing up to 400 Ib. have been 
produced in the U.S.A. Claimed to 
be the largest ever produced, these 
nylon sections are the result of a new 
technique and are being made avail- 
able in limited quantities for evaluation 
purposes. They will soon be manu- 
factured and supplied on a production 


basis by Polypenco Ltd., a British 
subsidiary of the American maker. 
The new sizes open up possibilities 
for applications such as tooling fix- 
tures, wear plates, large rollers, etc., 
where nylon properties are wanted and 
non-ferrous metals or stainless steel 
have been used till now. The firm 
state that these parts can be made less 
expensively from large nylon shapes. 
' CPE 1436 


Refining unit 


A degassing and vacuum refining 
unit which is claimed to overcome 
many of the disadvantages of those 
used now is offered by Birlec-Efco 
(Melting) Ltd. 

Turbulence of the metal in the 
vacuum vessel is induced electro- 
magnetically and therefore cycle times 
are fairly short. The unit is a 15-cwt. 
mains frequency induction melting 
furnace housed in a tiltable vacuum 
tank. A water-cooled copper induction 


—_ 





These are claimed to be the largest-ever 
nylon sections made. 
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coil, supported by a magnetically 
shielded steel framework, forms the 
furnace proper. The firm state that 
insulation and design have eliminated 
difficulties of handling high voltages 
in vacuum ensuring that no troubles 
arise through electrical breakdowns 
within the furnace. 

The choice of mains frequency was 
based not only on the lower costs of 
the mains frequency electrical gear but 
also on the greater degree of turbu- 
lence which a mains frequency imparts 
to the molten metal. This turbulence 
stirs the bath and brings new metal to 
the surface where gases and volatile 
metals can be drawn off. 

The vacuum tank is mounted on 
trunnions and tilted by twin hydraulic 
cylinders. The tank movement pro- 
duces an approximately lip-axis pour- 
ing effect from the furnace, and a 
retractable bridge over the top flange 
of the tank carries the metal. stream. 
Hydraulic controls open and close the 
vacuum tank lid and pneumatic clamps 
lock the lid on to the tank. 

Heat losses and the losses of metal 
by splashing are reduced by the 
refractory cover. 

The equipment was designed for 
use by relatively unskilled personnel 
with the minimum of supervision. 

CPE 1437 


Control valve 


A new solenoid-operated valve, for 
installation in liquid-carrying pipe- 
lines, is offered by Simmonds Aero- 
cessories Ltd. 

The purpose of the valve is to start 
or stop the flow of liquid in a pipe- 
line by the establishment or failure of 
the electric supply current. The valve 
may be used as a remotely controlled 
stop valve. 

One important application of such a 
valve is its closure to keep a pipeline 
full of liquid, in the event of current 
failure to the motor driving the pumps. 
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The valve is available for operation 
from d.c. or a.c. supplies, and both 
flameproof and non-flameproof ver- 
sions are available. It is normally 
manufactured from high-tensile alumi- 
nium alloy. A forged steel version 
can also be supplied. CPE 1438 


Fan-cooled motors 


A new range of totally enclosed fan- 
cooled motors which are smaller, 
lighter and cheaper than existing 
motors of the same type is offered by 
English Electric Co. Ltd. 

The motors are designed for wide 
industrial application, particularly 
where there is dust and dirt in the 
atmosphere. Typical applications are 
on machine tools, pumps and com- 
pressors in the chemical, oil, plastics, 
rubber, steel, mining, gas, food and 
agricultural industries. Special ver- 
sions, having internal and external 
anti-corrosion treatment, will be pro- 
duced for the chemical and gas 
industries. 

Special features are an all cast-iron 
exterior with finger-proof cowls, a 
plastic (polyester) non-corrosive ex- 
ternal fan, a terminal box of weather- 
proof construction with four screw 
fixing bolts, drain holes with easily 
detachable plastic plugs, provision for 
an earthing terminal and a rating plate 
with full motor details including bear- 
ing sizes and grade of grease. The 


range of outputs is covered by 12 
frame sizes. The motors can be wound 
for operation on any two- or three- 
phase supply up to 650 v. at 50 and 
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High-efficiency aerofoil centrifugal fan 
available with inlet sizes ranging from 
20 in. to 10 ft. diam. 


60 cycles and are also available for any 
specific frequency. They will give an 
average starting torque of approxi- 
mately 200°, full-load torque with an 
average starting current of 700°, full- 
load current when started direct-on- 
line. 

High-torque motors will also be 
available where special starting charac- 
teristics are required. 

Production of foot-mounted motors 
up to 10 h.p. has already started. 
Other outputs and mountings—foot, 
flange, skirt, foot and flange, and pad 
and airstream rated—will be available. 

CPE 1439 





‘Isomantle’ used for testing 6C-in.-bore valves for the Hunterston nuclear power 
station. 








Centrifugal fans 

A new aerofoil fan has been added 
to the range of fans manufactured by 
Matthews & Yates Ltd. It is claimed 
that a maximum total efficiency of over 
90%, is obtained by this design which 
is said to be suitable for air condition- 
ing and ventilating installations with 
large volumes and high water gauges 
—particularly high-velocity systems, 

The impeller carries mild - steel 
blades of aerofoil section welded to 
a steel back-plate and shroud-piate, 
The fan casing is built of steel plate 
welded throughout and rigidly braced 
with steel tees and angles, and incor- 
porates a spun inlet cone. 

Fan casings can be supplied for 
either left-hand or right-hand rotation 
and with any of the eight standard 
angles of discharge positions. Ball or 
roller bearings are fitted to the cast- 
iron bearing pedestal or to the bui!t-in 
bearing bridges secured complete with 
steel supporting legs to the fan sides. 
The shaft is precision ground or 
turned according to diam. size. 

Driving arrangements are by vee- 
rope drive or by direct-coupled drive. 
These fans are available with inlet 
sizes ranging from 20 in. to 10 ft. 
diam. Where extra large volumes are 
involved or where headroom is limited 
double-inlet, double-width fans are 
available in all sizes. CPE 1440 


Giants of Hunterston 


A giant Isomantle made by Isopad 
Ltd. is being used for testing 60-in.- 
bore valves, 32 of which are being 
installed at the Hunterston nuclear 
power station. 

They are tested at full design pres- 
sure whilst the Jsomantle heats them 
to 800°F. This is the operating tem- 
perature for the outlet valves, while the 
inlet valves operate at 450°F. 

A control panel provides coarse 
control for each section of the heating 
mantle by energy regulators, while the 
required high accuracy of the heating 
mantle is automatically achieved by 
additional transistorised controls. 

CPE 1441 


Electronic relays 


Relays for small control units, elec- 
tronic devices and portable equipment 
manufactured in West Germany are 
available from Londex Ltd. The 
relays are available in two basic forms 
—two changeover contacts and four 
changeover contacts, with a variety of 
coils for voltages up to 60 v. d.c. The 
weight is under 1 oz., which places 
them in the ‘ very small’ relay class. 

CPE 1442 
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Starters 


An addition to their range of starters 
is offered by Dewhurst & Partner Ltd. 

The 7FK, reversing, and the TFW, 
non-reversing, models are now avail- 
able fitted with hand/off/auto switches. 
This feature is useful in most cases 
where over-riding local control is 
required in remotely switched electric 
motors, used in conjunction with auto- 
matic switching devices, e.g. humidi- 
stats, thermostats, etc., and this starter 
has applications in pumping, process 
control, etc. 

This model is suitable for direct-on- 
line operation of a.c. motors in the 
range } to 7} h.p. CPE 1443 
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Radiation dose-rate meter 


Looking like a white-painted bomb 
pointing skyward, 30-in. high and 
9 in. in diam., the Gammagraph, model 
65A, developed and manufactured by 
Electronic Instruments Ltd., makes 
accurate and continuous measurement 
of gamma radiation in or out of doors. 

The measurements are continuously 
recorded. Thus the radioactive fall-out 
or any rise in background radiation 
which may occur in the vicinity of 
a nuclear power station may be easily 
and instantly discovered. 

Powered by an ordinary motor-car 
battery and fully weatherproof, the 


Lifting and tip- 
ping machine 
which can be 
positioned 
close to the 
receptacle into 
which it dis- 
charges. 


Gammagraph can work in isolated 
country places far from main elec- 
tricity supplies. 

__ It consists basically of an ionisation 
chamber, 18 in. long, containing a 
special mixture of gases under pres- 
sure, mounted vertically on a hermetic- 
ally sealed case containing the electro- 
meter circuits and a clockwork-driven 
recorder. The recorder trace can be 
observed through a glass panel without 
opening the instrument and all con- 
trols are mounted internally to avoid 
unauthorised interference. Power for 
one month’s continuous operation is 
provided by a conventional 12-v., 
40 amp.-hr. car battery. Except for 
one electrometer valve, the circuit is 
fully transistorised. Zero stability is 
better than 2°, of full scale on any 
range for one month and is largely 
independent of battery voltage and 
ambient temperature. 

Three preset ranges enable accurate 
records to be kept of gamma radiation 
levels from natural background up to 
10 mr./hr. Its sensitivity is very 
nearly quality independent from 60 
KEV to 2 MEV. CPE 1444 


Bag flattening 


Experiments at the works of Sinex 


Engineering Co. Ltd. have shown that 


many types of granular materials, after 
filling into paper sacks, can be flat- 
tened and compacted by passing them 
over a vibrating table. 

The tables were developed for com- 
pacting precast concrete, and standard 
units from 1 ft. x 1 ft. to 6 ft. x 4 ft. 


are utilised for this purpose. The 
principal advantage is that the contents 
are not submitted to any mechanical 
pressure and, consequently, neither 
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the sack nor the contents are crushed 
or damaged. The space taken for 
storage or transport of the filled sacks 
is reduced by up to 20%. 

When placed on the table, 1-cwt. 
sacks can be moved with one finger, 
due to the reduction of friction by 
vibration, thus, when passed over the 
table on a rubber belt, there is 
negligible friction on the underside of 
the belt. CPE 1445 


Lifting and tipping 


A machine designed to lift and tip 
sacks, drums, bins, etc., which can be 
positioned close to the receptacle into 
which discharge is to be made, is 
offered by Russell Constructions Ltd. 
The machine has a steel frame with 
two arms operated by independent 
hydraulic rams which lift and tip the 
hopper holding the container. The 
drive is by a 3-h.p. 400 to 440v., three- 
phase, 50-cycle, 1,425-r.p.m. electric 
motor, coupled direct to a hydraulic 
pump. 

The machine weighs about 5 cwt. 
and can lift and tip up to 6 cwt. and 
will discharge at heights from 3 to 
8 ft. It is also available on wheels. 

The steel hopper, which is an 
optional extra, equipped with valve, is 
bolted to the main frame. Quick- 
release screw clamps are provided for 
holding the drum, bin or carton in 
position and for sacks a retractable 
steel claw is provided. 

Pre-lubricating self-aligning bear- 
ings are used throughout and main- 
tenance is said to be almost negligible. 
The makers say the unit is silent in 
operation and capable of continuous 
24-hr. duty. CPE 1446 
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The world-famous Proctor dryers 


are now manufactured in Glasgow 






by Dalglish who have a background 






of eighty-eight years’ experience 






in building drying equipment 





€ 


Dryer for cereal products. 






Oscillating feed placing a granular 
substance on the conveyor of a 
drying machine at a_ constant 
depth. 











Tobacco Leaf and Stick Dryer. 





Dipped Filler Tobacco Dryer, 
Cooler and Orderer. 





Drying Machines for Synthetic 
Rubber of the G.R.S. type, show- 


ing circulating fan motors. 








JOHN DALGLISH & SONS LTD 


Thornliebank Industrial Estate 


Glasgow 
Telephone : Giffnock 2322 Telegrams : ‘ Dalglish, Glasgow’ 
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Ultrasonic cleaning 


A low-cost, high-power, ultrasonic 
cleaning unit for laboratory use is the 
Rapiclean 1. With this unit one can 
work beyond the boiling point of water 
because the transducer material is 
virtually unaffected by temperature. 
The transducer is similar to a trans- 
former and is said to be immune from 
damage from periodical overloads, loss 
of cooling or rough handling. 

Work done on the unit can be 
reproduced in large installations. Only 
18/8/3 stainless steel is in contact with 
the cleaning media. 

The makers, Ultrasonics Ltd., state 
that the operation is simple—this is 
implied by the provision of only one 
switch, one control light, one meter 
and one tuning knob. CPE 1447 
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Ultrasonic cleaning plant with a beaker 

capacity of 100 c.c. and a frequency of 
13 kilocycles. 


Dust control 


An addition to their range of dust 
collection and control plant, the type 
UK reverse-flow Holmes-Rothemuhle 
multi-cell cyclone dust collector, is 
offered by W. C. Holmes & Co. Ltd. 
It is said to be particularly suitable for 
those applications where good gas dis- 
tribution conditions cannot economic- 
ally be achieved and where large gas 
volumes are encountered. 

The collector comprises an assembly 
of cyclone cells, the number of which 
is directly proportional to the volume 
of gas to be cleaned. Each cyclone 
cell consists of two concentric tubes: 
an outer dirty gas cylinder with a 
Stationary impeller fixed at the inlet, 
and an inner clean gas tube which 
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passes up through the centre of the 
impeller. The outer cylinder is 
approximately 10 in. diam. except at 
the base which is conical in shape. 
The high separating efficiency of the 
collector is derived from the relatively 
small diam. of the individual cyclone 
cells. 

The individual cells are supported 
in a sheet-steel grid, which is in turn 
enclosed in a rectangular steel casing, 
the lower half of which serves as the 
dust bunker. In the upper half of the 
casing, known as the top box, the 
clean gas tubes terminate in a stepped 
floor, the construction of which facili- 
tates the removal of individual cells 
for inspection and maintenance. To 
ensure that entering dirty gas does not 
by-pass the cells, gas-tight joints are 
made on the supporting grid with a 
special sealing compound. 

In operation, the impeller imparts 
an intense swirl to the dust-laden gas 
as it enters the cell, causing it to 
descend with a spiral motion. Near 
the apex of the conical section of the 
dirty gas cylinder the axial velocity of 
the spiralling gas is turned through 
180°. The dust-free gas, having 
reversed direction, passes up through 
the clean gas tube to the exhaust fan 
and stack. The reversal of direction of 
flow causes the dust to be centrifuged 
and it is propelled downwards into the 
dust bunker. CPE 1448 


Laboratory design service 


To provide a comprehensive labora- 
tory design service for scientists, doc- 
tors, teachers and technologists is the 
aim of the newly formed S.I. Group 
of Scientific Instruments Ltd. 

The service is to bridge the gap 
between the man at the laboratory 
bench with his own particular prob- 
lems and the variety of separate 
organisations who can interpret and 
provide the necessary facilities. 

The group set up a committee to 
examine laboratory problems, taking 
actual briefs through each design pro- 
cess from the task plan to the finished 
product. The result is claimed to be 
a complete knowledge of modern 
trends for the planning, building and 
equipping of complete projects. 

CPE 1449 
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Reverse-flow multi-cell cyclone dust - 
collector. 


Bag handling 


A new combined weigher and valve 
bag filling machine has been intro- 
duced by the Richardson Scale Co. 
Ltd. Itis suitable for weighing difficult- 
to-handle powdery materials into valve 
sacks at the rate of two to three bags/ 
min. A bag settling device can be 
incorporated so that minimum-sized 
sacks can be used. 

An agitator is incorporated within 
the feed inlet of the machine, so that 
material will not arch. 

The weigher packer has been 
accepted by the Board of Trade Stan- 
dards Department for Weights and 
Measures acceptance. CPE 1450 





Electric Furnaces 
(Concluded from page 67) 


material can be treated in such a man- 
ner that a wide variation in crystal- 
line structure is obtainable. Molten 
material is cast into moulds of varying 
size and shape that have a significant 
effect on the rate of crystal growth. 


Conclusion 

Many high-temperature reactions 
can now be carried out on a commer- 
cial scale by ingenious application of 
electrical energy. The furnace used 
in any given case is determined by 
several factors such as volume of pro- 
duction, purity of product, value of 
raw materials involved and economics 
of capital expenditures. The advances 
in electric furnace technology have 
now opened a new realm in high- 
temperature chemical processing. 
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Personal Paragraphs 





% At a recent meeting of the board 
of Detel Products Ltd., Mrs. V. D. 
Johnson was appointed managing 
director. She has been with the com- 
pany for 20 years, being secretary since 
1941, and a director since 1949. 


* Mr. L. O. Smith, since 1946 
general manager of the London branch 
of Parke, Davis & Co., has been 
elected to the board of Parke, Davis 
Inter-American Corporation Ltd. 
(Ontario). 


* Dr. C. J. Stubblefield has been 
appointed director of the Geological 
Survey of Great Britain and Museum 
of Practical Geology. He will succeed 
Sir William Pugh, 0.8.£., who retires 
on July 28. Dr. Stubblefield is 58. 


* Dr. H. H. Burton, c.B.£., retired 
from the board of English Steel Cor- 
poration Ltd. Mr. T. R. Middleton 
has been appointed a director of the. 
corporation and director of research. 


% The U.K.A.E.A. have appointed 
Mr. H. Cartwright, at present serv- 
ing as deputy director of industrial 
power in the Authority’s development 
and engineering group at Risley, 
director of industrial power. He is 41 
and has been with the A.E.A. since 
its formation in 1954. 


% Cockburns Ltd. have made the 
following managerial appointments. 
Mr. L. W. Noble, formerly manager 
of North Shields branch works, be- 
comes manager of the London office. 
Mr. W. A. Duckworth becomes 
manager of a new office which has 
been opened in Manchester to serve, 
particularly, the chemical processing 
industry. 


% Prof. A. C. Cope, head of the 
department of chemistry at the Massa- 
chusetts Institute of Technology and 
one of America’s foremost organic 
chemists, has been chosen president- 
elect of the American Chemical Society. 
He will head the 88,000-member 
society in 1961. He is now chairman 
of the society’s board of directors of 
which he has been a member since 
1951. President for 1960 is Dr. 
A. L. Elder, director of research of 
the Corn Products Co., who took 
office on January 1, succeeding Dr. 
J. C. Bailar, professor of inorganic 
chemistry at the University of Illinois. 
Dr. Elderfield and Dr. Flory are 
new regional directors, and Dr. 
Thomas is the new director-at-large 
of the society. 
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* Mr. J. E. A. Heale, formerly works 
manager of the Motherwell works of 
Metropolitan - Vickers (now A.E.I. 
(Manchester) Ltd.), has joined A.E.I. 
(Woolwich) Ltd. as general manager 
of works. He joined the company in 
1929 as a college apprentice. His 
successor at Motherwell is Mr. E. 
Campbell who has been with the 
instrument and meter division at 
Manchester. 


* Dr. J. G. Pearce, c.B.£., has been 
appointed as a consultant to the alloys 
division of Union Carbide Ltd., and 
will work in collaboration with Dr. 
A. M. Sage and his team on their 
development programmes. Mr. G. V. 
Jones, formerly of A.P.V.-Paramount 
Co. Ltd., has joined the development 
department of the alloys division of 
Union Carbide Ltd. He will mainly 
be concerned with the developments 
associated with the cast-iron industry. 


* Mr. A. Wormald, commercial 
director of Fisons Ltd. from 1950, and 
formerly managing director of the 
company’s chemical division, is one of 
the two managing directors of the 
parent board of the company which 
recently became a holding company. 
He is also in executive charge of the 
company’s principal non-fertiliser in- 
terests. He is 47 and has spent the 
whole of his business life in the 
chemical industry. The other manag- 
ing director of the parent board is 
Mr. J. W. Napier, 53, who also 
becomes first chairman and managing 
director of Fisons Fertilizers Ltd. He 
is a former president of the Fertilizer 
Manufacturers’ Association. 


* Mr. L. G. Cottrall, widely known 
as an authority on papermaking 
technology, died recently. He was 
formerly head of the Reed Paper 
Group’s Technical Division and, on 
his retirement in September 1958, he 
was technical consultant to the group’s 
Paper and Board Division. A Fellow 
of the Royal Institute of Chemistry, 
he was the first graduate chemist to 
be employed by Horton Kirby Paper 
Mill—then owned by Albert E. Reed 
& Co. Ltd.—when he was appointed 
mill chemist in 1919. He was well 
known, too, for his activities outside 
the group, and was made an honorary 
member of the technical section of the 
British Paper and Board Makers’ 
Association in 1958. He had been 
a member since 1923, and was chair- 
man from 1946 to 1948. 









——£sd 


CHEMICAL PLANT COSTS 


Cost indices for the month of 
December 1959 are as follows: 


Plant Construction Index: 179.5 
Equipment Cost Index: 166.6 
(June 1949 = 100) 


£sd 


% The Iraq, Basrah and Mosul 
Petroleum Cos. announced the appoint- 
ment of three new executive directors 
of the companies. They are: Mr. 
N. M. Ekserdjian, who joined the 
management of the companies in 
February 1959, and is responsible for 
relations with governments, conces- 
sionary matters and personnel policy; 
Mr. Nelson Y. Ruth, who joined the 
companies in August 1959, with special 
responsibility for exploration and pro- 
duction; and Mr. L. F. Murphy, 
who joined the companies in October 
1959, with special responsibility for 
financial aspects of their affairs. 




















High polymers 

The past few years have seen the 
publication of a number of excellent 
books on the physics and chemistry 
of high polymers. Most of these deal 
rather with the general and theoretical 
aspects of the subject than the prac- 
tical. It is difficult for a newcomer to 
this field to acquire a knowledge of 
the more important techniques used 
to characterise high polymers. Much 
of the expertise is either unpublished 
or so scattered throughout the litera- 
ture that it is a laborious task to seek 
it out. In view of the pace of develop- 
ment of the subject in the past decade, 
there is also need for a critical account 
of the methods. 

This book* has been compiled to 
try to fill this need. It has been 
designed primarily for the graduate 
chemist familiar with one or more of 
the major works on the subject but 
who has had no practical experience 
in handling and performing measure- 
ments on polymeric substances. The 
techniques described are those which 
enable a sample of a high distribution, 
together with allied matters. 

The descriptions of the selected 
techniques are critical and up to date 
and so the book should prove useful 
to the more experienced worker. 





* Techniques of Polymer Characterization, 
edited by P. W. Allen. Butterworths, 
London, 1959. Pp. 256, illus., 50s. net. 
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New Books 





An essential book 
on phosphorus 


This is the first of a two-volume 
work.* The second volume, now in 
preparation, will cover the technology 
of phosphorus compounds. For a text- 
book of this type it is remarkably well 
written in an easy style so different 
from, for example, Mellor’s ‘ Treatise 
on Inorganic Chemistry.’ The author 
specifies that this is not a treatise, for 
such would cover several volumes. It 
is, however, an essential book for all 
chemists who utilise phosphorus com- 
pounds. The properties of about 500 
compounds are discussed and there 
are 1,500 references. 

The wave mechanical theory has 
been used throughout to explain struc- 
tures without burdening the reader 
with mathematics. In fact, it is only 
in chapter 12 that some mathematical 
expressions are used to explain the 
statistics of random reorganisation in 
condensed phosphates, and even these 
few pages (734-744) will not frighten 
the uninitiated. 

Phosphorus shows similarities to 
its neighbours in the periodic table 
including carbon. The most stable 
compounds contain quadrivalent phos- 
phorus atoms, by means of sp* hybridi- 
sation. Even those which empirically 
appear to contain trivalent or penta- 
valent phosphorus, e.g. P,O,, have this 
structure in which P is attached to four 
oxygen atoms, three of which are 
shared. 

About half the text deals with the 
various phosphates on which much 
light has been thrown in the last 
decade. The appendix lists 187 
mineral phosphates, including over 40 
apatites. This wide distribution is due 
to migration of other elements into the 
apatite structure. The numerous con- 
densed phosphates form polymers with 
rings or chains or both, showing resem- 
blance to silicon or carbon polymers. 
Time and temperature are governing 
factors whereby the ratio of PO, to 
water or metallic oxide, as well as the 
structure, establish a whole series of 
phosphates with different properties 
ranging from viscous liquids to solid 
glasses. The glasses are commercially 
important because of their high U.V. 
transmission and inertness to fluorides. 

Nomenclature of the lower oxy- 


*Phosphorus and Its Compounds, Vol. 1: 
‘Chemistry,’ by John R. Van Wazer. 
Interscience, New York and London, 
1958. Pp. 954. $27.50. 
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acids was agreed by a committee in 
1952. Although the author has used 
this terminology, he strongly criticises 
the system as being illogical. 

A few small printing errors have 
occurred. On p. 690 ‘ considerably ’ 
should read ‘considerable’; at the 
bottom of p. 777, NaCO, for Na,CO; 
pp. 790-791, ‘stearic’ in place of 
* steric.’ L. RAPHAEL 


Steel castings 


During the past 10 years the British 
Steel Founders’ Association has pub- 
lished a series of bulletins intended for 
those who design and buy steel castings. 
These booklets, revised in the light of 
current knowledge and practice, have 
been collected into one volume. The 
book* covers the manufacture of steel 
castings, the basic principles of good 
design, the variety of composition and 
mechanical properties obtainable and 
test and inspection techniques. It 
should serve also as a useful intro- 
duction to the steel founding process 
for those beginning their studies in 
this field. 


*Casting in Steel, published on behalf of 
the British Steel Founders’ Association 
by Pitman, London, 1958. Pp. 110, illus., 
18s. net. 
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Institute of Metals dinner 


The Prime Minister, Mr. Mac- 
millan, will be the principal guest and 
speaker at the annual dinner of the 
Institute of Metals on March 31 in 
Grosvenor House, London. The U.S. 
Ambassador will reply to the toast of 
* The Guests.’ 


Cryogenic engineering 

The 1960 Cryogenic Engineering 
Conference will be co-sponsored by 
the University of Colorado and the 
U.S. National Bureau of Standards 
and will be held in Boulder, Colorado, 
U.S.A., on August 23, 24 and 25. 
Papers for presentation at the con- 
ference dealing with the technical 
aspects of cryogenic engineering below 
150°K are now being solicited and 
abstracts of not over 200 words should 
be sent to the conference secretary 
before May 15. Details from Secretary, 
Cryogenic Engineering Conference, 
Chemical Engineering Department, 
The University, Boulder, Colorado. 





BOOKSHOP SERVICE 


All books reviewed in CHEMICAL & 
PROCESS ENGINEERING and all other 
scientific or technical books may be 
obtained from: 

Technical Books, 

308 Euston Road, 

London, N.W.1. 

Telephone: Euston 5911. 
Prompt attention is given to all orders. 











Scientific instruments 


With the support of the Scientific 
Instrument Manufacturers’ Associa- 
tion of Great Britain an exhibition of 
British scientific instruments will be 
held in Moscow from June 16 to 26, 
Enquiries to the Association, 20 Queen 
Anne Street, London, W.1. 


Automatic inspection equipment 


In collaboration with companies in 
the field of electronics and auto- 
mation, Production-Engineering Ltd. 
will hold an exhibition of automatic 
industrial inspection equipment at its 
London headquarters, 12 Grosvenor 
Place, London, S.W.1, from March 
14 to July 31. 


Electron theory 


Arranged by the Metal Physics 
Committee of the Institute of Metals, 
an educational session on ‘ New 
Aspects of the Electron Theory of 
Metals’ will be held in the Hoare 
Memorial Hall, Church House, Great 
Smith Street, London, S.W.1, on 
March 30, at 2.30 p.m. Visitors will 
be welcome; tickets are not required. 


Radiation Protection 


A second course in the principles of 
radiation protection is to be held at 
the Reactor School, Atomic Energy 
Research Establishment, Harwell, from 
April 20 to June 29. 

The syllabus will be similar in con- 
tent to the first course, but will be 
modified in the light of experience. 

The course is intended for graduates 
or people of graduate status who are 
taking up or have started to work on 
health and safety problems in the 
nuclear field. The final week of the 
course is earmarked for visits to the 
U.K.A.E.A. factories at Windscale, 
Calder Hall, Springfields and Capen- 
hurst for the purpose of seeing at 
first hand the problems in health 
physics and safety at these factories. 

Three days each week will be set 
aside for lectures and two days for 
experimental work and visits. 

Application forms from the Princi- 
pal, Reactor School, A.E.R.E., Har- 
well. 
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